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ABSTRACT
Field studies evaluated soybean response to Rhizoctonia
foliar blight (RFB) (Rhizoctonia solani AG-1 IA and IB) and
interference from common cocklebur, hemp sesbania, or
johnsongrass.

Soybean maturity was delayed both years by

hemp sesbania whether or not RFB was present.

Soybean

yield was reduced 2 0% in plots inoculated with the RFB
pathogen in 1993, but not in 1994.

Soybean yield was

reduced only when inoculated plots were infested with
common cocklebur and johnsongrass in 1993 and with hemp
sesbania and johnsongrass in 1994.
Acifluorfen, glufosinate, glyphosate, paraquat, and
pendimethalin were evaluated for effects on mycelial growth
and sclerotia/microsclerotia production by R . solani AG-1
IA and IB in culture and on severity of RFB of soybean in
the field.

In laboratory studies, all herbicides reduced

colony radius of both isolates.

Growth reductions for IB

were greater than those for IA in the presence of
pendimethalin, alachlor, or acifluorfen.

However,

glufosinate reduced growth of IA more than IB.

Sclerotia

production was completely inhibited by paraquat and greatly
reduced by glufosinate.

In field studies, single degree-

of-freedom contrasts indicated a reduction of RFB severity
in soybean when paraquat was applied.
Greenhouse experiments evaluated barnyardgrass,
broadleaf signalgrass, common cocklebur, entireleaf
v

morningglory, hemp sesbania, itchgrass, johnsongrass, large
crabgrass, northern jointvetch, prickly sida, purple
nutsedge, redweed, sicklepod, and smooth pigweed as hosts
for R. solani AG-1 IA and IB.

In the first study,

sclerotia of IA were recovered from all weed species except
pigweed, and mycelia of IA were recovered from tissue of
all weeds except pigweed and redweed.

Microsclerotia or

mycelia of IB were not recovered from sicklepod,
barnyardgrass, or large crabgrass, and only microsclerotia
were recovered from itchgrass and purple nutsedge in the
first study.

Sclerotia/microsclerotia and mycelia of IA

and IB were recovered from all weed species in the second
study,

R. solani spread from at least 6 of 7 infected weed

species to a noninfected soybean plant growing in close
proximity.

Results emphasize the importance of weed

control, not only for reducing plant competition, but also
for the potential impact on RFB development.

CHAPTER I
INTRODUCTION
SOYBEAN PRODUCTION
Soybean (Glycine max (L.) Merr.) is native to southeast
Asia, where it has been cultivated for nearly four thousand
years (1.54).

Soybean was first grown in the United States

around 1804 in Pennsylvania, but was a very minor crop
until the early 1900's (1.34, 1.54).

In 1920, about 20% of

the 360,000 ha of soybean grown in the United States were
harvested for seed (1.29), while the remaining 80% were
grown for hay or green manure (1.17).

With the development

of techniques for extraction of soybean oil, and the
increasing demand for soybean oil during World War II,
soybean rapidly became an important oil seed crop (1.17).
Currently, 98% of the soybean in the United States is grown
for seed production (1.29).

The United States and China

account for more than 90% of the world soybean production,
with the United States alone producing about two-thirds of
this (1.34).

Most soybean grown in the U.S. is processed

for oil, and accounts for about one-third of the nation's
oils and fats (1.34).
Soybean is a warm season crop, preferring temperatures
ranging from 21 to 32 C, and is the most sensitive of all
crop plants to light duration (1.17).

Soybean is a short-

day plant, but cultivars differ markedly with respect to
the minimum dark period required to induce flowering

2
(1.54).

In North America, soybean cultivars are classified

into fourteen maturity groups based on the region and the
day length to which each cultivar is adapted (1.17).
Cultivars with determinant type growth primarily are grown
in the southern United States, but indeterminant cultivars
generally are grown in the northern states where summer day
length is longer (1.54).
Soybean production in 1992 and 1993 for states in the
southeastern region of the United States averaged 14
million metric tons (1.75).

Soybean production in

Louisiana during this period averaged about 0.75 million
metric tons (1.4).

The primary pest problems responsible

for yield losses in Louisiana other than weeds are
Rhizoctonia foliar blight (Rhizoctonia solani Kiihn AG-1 IA
and IB), charcoal rot (Macrophomina phaseolina (Tassi)
Goidanich), soybean looper (Pseudoplusia includens
(Walker)), pod and stem blight (Diaporthe phaseolorum (Cke.
& Ell) Sacc. var. sojae (Lehman)), soybean cyst nematode
(Heterodera glycines Ichinohe), and stem canker (Diaporthe
phaseolorum (Cke. & Ell) Sacc. var. caulivora Ath. & Cald.)
(1.4).

Yield losses due to diseases in Louisiana averaged

15% and were valued at $28 million per year in 1992 and
1993 (1.75).
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WEED COMPETITION AND CONTROL
In the United States, annual yield losses due to weeds
and associated control measures have been estimated at $2.9
billion (1.15).

Soybean yield may be reduced as much as

80% when certain weeds are not controlled (1.41), but this
varies depending on specific weed, species, density, and
duration of interference (1.7, 1.42, 1.44, 1.71).

Yield

losses due to weeds are greater when weeds are allowed to
compete with the crop

from 4 to 6weeks after crop

emergence (1.7, 1.12,

1.18, 1.19, 1.41, 1.42, 1.44, 1.46,

1.71).

Competition for light, nutrients, and water are the

primary mechanisms by
1.69).

which weeds reduce crop yield (1.42,

Of these, competition for light has been identified

as most detrimental (1.32, 1.69).

Soybean competes very

effectively with weeds for light early in the growing
season due to uniform, rapid germination and rapid growth
rate (1.64).

Some weeds have the ability to form a canopy

above the soybean crop later in the season when soybean
plants are flowering (1.12, 1.41).

Shading of the soybean

canopy reduces light intensity and increases the ratio of
far-red and red light within the canopy (1.66), both of
which are important for pod set at nodes lower in the
soybean canopy (1.30).

Stoller and Woolley (1.69)

attributed at least 50% of the total soybean yield loss
derived from competition for light with jimsonweed (Datura
stramonium L.), velvetleaf (Abutilon theophrasti Medic.),

and common cocklebur (Xanthium strumarium L.) at densities
of 0.7 and 2.5 plants/m2.
Light may be the most yield-limiting resource when all
other requirements for growth are available, but
availability of water is generally the most limiting factor
(1.36).

Based on leaf area and above-ground biomass,

soybean was more competitive with Florida beggarweed
(Desmodium tortuosum (SW.)) when adequate soil moisture was
available, but less competitive when grown under water
stress (1.26).

Geddes et al. (1.25) reported that common

cocklebur was able to exploit a greater volume of soil for
water than soybean.

They concluded that competition for

water during soybean pod fill, when soybean water
requirements are highest, had a detrimental effect on
soybean yield.

Soybean explores more soil than velvetleaf,

and competition for water was less detrimental on soybean
yield than was competition for light (1.45).
Interactions between weeds and crops with respect to
nutrient uptake, content, and utilization are complex.
Environmental, as well as edaphic factors influence
nutrient uptake and utilization by crops and weeds (1.61).
In fact, weeds may benefit more from application of
fertilizers than do crop plants (1.73).

Weaver and Hamill

(1.73) reported that velvetleaf, Powell amaranth
(Amaranthus powellii S. Wats.), and green foxtail (Setaria
viridis (L.) Beauv.) had higher N and K content in leaf

tissue than did corn (Zea mays L.) due to greater uptake
and metabolism of these nutrients.

Other studies indicated

reduced N concentrations in tomato (Lycopersicon esculentum
L.) foliage when grown in the presence of jimsonweed and
large crabgrass (Digitaria sanguinalis (L.) Scop.) than
when grown alone (1.61).
Weeds are prevalent in soybean in Louisiana, with some
of the most troublesome being common cocklebur, hemp
sesbania (Sesbania exaltata (Raf.) Rybd. ex A. W. Hill),
and johnsongrass (Sorghum halapense (L.) Pers.)

(1.7, 1.12,

1.38, 1.39, 1.40, 1.41, 1.42, 1.44, 1.64, 1.74).

These

weeds compete with soybean based on their rapid early
season growth rate and ability to grow taller than the
soybean crop (1.12, 1.41, 1.42, 1.55, 1.56, 1.69).

High

densities of common cocklebur and hemp sesbania reduced
soybean yield as much as 80% when allowed to compete
throughout the growing season (1.7, 1.41).

Bloomberg et

al. (1.12) reported that one common cocklebur plant per 3 m
of row could reduce soybean yield 12%.

Soybean yield

reduction as high as 37% was reported when 1 to 2 common
cocklebur plants were present per square meter (1.38),
whereas three hemp sesbania plants per square meter reduced
soybean yield 48% (1.41).

Soybean yield losses can be

greater than 40% if high densities of johnsongrass are
allowed to compete seasonlong (1.42, 1.44).

Due to the competitive nature of weeds with crop
plants,

weed management is essential for production of

agricultural crops.

However, growers should not rely on

any single method to manage weed populations.

An

integrated approach to managing weed populations is
necessary for the sustainability of agriculture (1.81).
Historically, mechanical control has been the most widely
utilized weed management measure world-wide (1.57, 1.81).
Mechanical control encompasses a wide variety of
technigues, ranging from hand-hoeing to complex tillage
equipment, designed to physically eliminate weeds from the
crop environment (1.57).
The use of chemicals for control of plants has been
reported for centuries (1.57, 1.81).

Theophrastus, the

father of modern botany, reported that trees, especially
young trees, could be killed by pouring oil over their
roots (1.81).

However, prior to WVI II, only about a dozen

chemicals of limited utility were available for weed
control (1.57).

It was not until 1941, with the

development of the synthetic organic chemical 2,4-D (2,4dichlorophenoxyacetic acid), that chemicals were used for
selective control of weeds (1.57, 1.81).

Hamner and Tukey

(1.27) first used 2,4-D in field trials for selectively
controlling broadleaf weeds.

Likewise, 2,4-D was

inexpensive to produce, easy and safe to handle, and had a
broad spectrum in activity (1.57).

Since the development of 2,4-D, hundreds of herbicides
have been developed (1.57).

Herbicides currently lead

other pesticide groups (insecticide, fungicide, nematicide)
in acreage treated, tonnage of pesticides produced, and
dollar value from pesticide sales, accounting for 58% of
all sales in the United States (1.57).

There are currently

14 general classes of herbicides, based on chemical
structures, chemical properties, and mode of action (1.81).
Herbicides may be applied directly to foliage of plants or
to soil prior to plant emergence (1.57, 1.81).

Herbicides

exhibit a variety of mechanisms of action, ranging from
cell membrane disruption resulting in rapid death of plants
to inhibition of biosynthetic processes resulting in slow
death of plants (1.57, 1.81).

RHIZOCTONIA SOLANI
In 1815, A. P. DeCandolle described the causal organism
for root rot of violet as belonging to a new genus,
Rhizoctonia (from the Greek 'death of roots')

(1.21).

The

basic characteristics DeCandolle ascribed to the genus were
production of sclerotia of uniform texture, with hyphal
threads emanating from them, and association of mycelium
with roots of living plants (1.21).

Since then, nearly 100

species that possess neither of the above characteristics
and having little in common aside from the absence of

conidia have been designated within the genus Rhizoctonia

(1 .6 ).
In 1858, Julius Kuhn observed a fungus on potato
tubers, and believed it to be a new species of Rhizoctonia
(1.37).

He provided the original illustration of what is

now commonly referred to as Rhizoctonia solani Kuhn.

Since

then, R. solani has probably been described as the cause of
diseases on a wider variety of plants, over a larger
geographical area, and under more diverse environmental
conditions than any other plant pathogenic fungus (1.6).

A

given isolate of R. solani may exist in nature as a
saprophyte, a symbiont, a parasite, and a plant pathogen
(1.8).

The adaptability to the environment and its ability

to survive under a multitude of conditions make this
organism one of the most striking examples of adaptability
in the biological world (1.8).
Thanatephorus cucumeris (Frank) Donk, the teleomorph of
R. solani, belongs to the subdivision Basidiomycotina,
class Hymenomycetes, order Tulasnellales, and is
characterized by production of effused or web-like
basidiocarps that are often waxy in appearance (1.1).
Rhizoctonia solani produces no spores and, consequently,
must be identified on the basis of mycelium and sclerotium
characteristics (1.1).

These characteristics have been

described by Parmeter and Whitney (1.53) as: 1) pale to
dark brown, rapidly growing mycelium of relatively large

diameter with branching near the distal septum of hyphal
cells, often at nearly right angles in older hyphae; 2)
constriction of branch hyphae at the point of origin; 3)
septum formation in the branch near the point of origin; 4)
possession of a prominent septal pore apparatus; 5)
possession of multinucleated cells in actively growing
hyphae; 6) production of monilioid cells, often called
barrel-shaped cells or chlamydospores, in chains or
aggregates sometimes referred to as sporodochia; and 7)
production of sclerotia of nearly uniform texture and
varying in size and shape from small, round sclerotia,
often less than 1 mm in diameter, to thin crusts several cm
across.
Diseases caused by R. solani encompass a wide range of
hosts, resulting in a variety of symptoms including
damping-off, rotting of roots and other underground plant
parts, blighting of hypocotyls, stems, and leaves, and
decay of fruits and seeds (1.53).

Isolates of R. solani

may range from avirulent to aggressively virulent, and host
range among isolates may vary from limited to extremely
wide (1.53).

Because R. solani varies considerably in

pathogenicity, sclerotial morphology, cultural appearance
on media, and physiological characteristics, there have
been many attempts to divide R. solani into logical groups
(1.50). The most generally accepted division of R, solani
into groups is based on hyphal fusion on culture media

(1.50).

When isolates of R. solani are paired 2-3 cm apart

on a medium in a petri dish, their mycelia grow and
overlap.

If hyphal fusion occurs, these isolates belong to

the same anastomosis group (AG) (1.50).

Only isolates of

AG-8 and AG-BI ("bridging" isolate) fuse with isolates
belonging to different AG's (1.50).

Currently, ten AG's

plus the 'bridging' isolate have been assigned within R .
solani (1.68).

Within each AG, considerable variation may

still exist among isolates with respect to pathogenicity,
cultural appearance, morphology, physiology, or ecology
(1.50).

Isolates belonging to the same AG but differing in

some of these characteristics are grouped into different
intraspecific groups (ISG) (1.50).
Sclerotia are the overwintering structures of R. solani
(1.53), and can remain viable up to 21 months in dry soil
but survive less than 7 months in saturated soils (1.10,
1.59).

Sclerotia are formed optimally when water potential

is intermediate (-20 to -40 bars)

(1.9).

Sclerotia from

single spore isolates can vary in size, shape, color, and
distribution on agar plates, therefore, sclerotia as a
taxonomic character is of limited usefulness (1.53).
Growth rate of R. solani in culture can vary from 0.01 to
1.0 mm/h (1.23, 1.63).

Cardinal temperatures for growth in

culture vary by isolate, however, optimum growth generally
occurs at 20 to 30 C (1.53).
with temperature.

Pathogenicity may also vary

Rhizoctonia solani may cause little or
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no disease on plants at temperatures of 15 to 20 C but
cause severe disease at 30 C or above (1.9).
Rhizoctonia solani is best known as a primary cause of
root-rot and damping-off of seedlings, but in tropical
regions it can be a pathogen of aerial portions of plants,
sometimes completely independent of soil (1.6).

Durbin

(1.22) characterized aerial strains of R. solani as rapidly
growing, C02 sensitive, and producing abundant sclerotia.
In tropical environments, these characteristics are
advantageous for aerial strains of R. solani to exploit
short periods favorable for growth, constant low C02 levels
in the atmosphere, and as a means of survival during
unfavorable periods (1.6).

RHIZOCTONIA FOLIAR BLIGHT
Rhizoctonia foliar blight (RFB) of soybean, caused by
R. solani AG-1, is prevalent in nearly half of the soybean
acreage in Louisiana (1.35).

It was first observed in

Louisiana in 1950 near Baton Rouge and was considered to be
epidemic in 1973 (1.5, 1.52).

Two ISGs of R. solani AG-1

(IA and IB) have been identified in the RFB disease complex
in Louisiana (1.5, 1.52, 1.79).

Rhizoctonia foliar blight

is one of the most important soybean diseases of Louisiana
(1.4) with annual yield losses estimated at 1 to 2%.
However, yield losses of up to 30% have been observed in
some commercial fields (1.35).

The primary inocula for both R. solani AG-1 IA and IB
are sclerotia or mycelia on infected plant debris (1.24).
Infection of soybean seed can occur prior to emergence
causing seed-rot (1.47, 1.77).

Following emergence,

infection may also occur through rain-splashing of mycelium
on the soybean stem near the soil surface (1.24, 1.78).
Following seedling infection, mycelium progresses upward in
the foliage as the soybean plant grows (1.6, 1.24, 1.52).
Once the pathogen has reached the foliage, mycelia from
lesions on infected leaves may infect healthy leaves as
they overlap (1.6, 1.24, 1.52).

Leaf lesions first appear

water soaked and grey-green, with mycelium spreading over
the leaf surface in advance of the lesion margin (1.52).
The leaf disease phase of R. solani AG-1 is dependant
on several environmental conditions.

High temperatures

accompanied with extended periods of high relative humidity
are favorable for disease development (1.5, 1.52).
Frequent rainfall and overcast weather following canopy
closure can increase disease severity by providing
conditions favorable for growth of jR. solani AG-1 (1.80).
During periods of infrequent rainfall, severe pod infection
may still occur without severe leaf damage when moisture is
available under the canopy of the crop in the form of heavy
dew (1.52) .
The rate of spread and severity of RFB in the foliar
portion of the plant are also affected by cultural

practices.

Soybean in Louisiana can be broadcast planted

or planted in narrow rows using a grain drill or in wide
rows (> 20") with a conventional planter.

In fields where

soybeans have been planted in rows, disease focus expansion
is limited to within the soybean row until canopy closure
occurs later in the growing season (1.35, 1.52, 1.76,
1.80).

In drill seeded or broadcast soybeans, canopy

closure occurs earlier than in soybean planted in wide
rows, and disease focus expansion generally progresses in a
circular pattern as mycelia grow through the foliage from
plant to plant (1.35, 1.52, 1.76, 1.80).

Once the canopy

of the soybean crop has closed, light penetration and wind
movement are restricted (1.35).

Increased row spacing has

reduced disease severity in soybean by allowing increased
air movement through the canopy (1.35, 1.65).
Several weed species shown to be hosts for R. solani
AG-1 include alligatorweed (Alternanthera philoxeroides
(Mast.) Griseb.), broadleaf signalgrass (Brachiaria
platyphylla (Griseb.) Nash), barnyardgrass (Echinochloa
crus-galli (L.) Beauv.), goosegrass (Eleusine indica (L.)
Gaertn.), large crabgrass (Digitaria sanguinalis (L.)
Scop.), smallflower morningglory (Jaquemontia tamnifolia
(L.) Griseb.), and sedges (Cyperus spp.)

(1.5, 1.52, 1.70).

Isolates of R. solani from many of these weed species are
morphologically identical and equally virulent to soybean
cultivars (1.52).

Isolates of R. solani obtained from
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several of these weeds and cultivated crops such as rice
(1.51), grain sorghum (1.51), corn (1.33), and soybean have
been identified as belonging to the same anastomosis group
(AG-1) and appear to be nearly identical in culture
characteristics.

Tsai (1.72) determined that the host

range for Thanatephorus cucumeris, the teleomorph of R.
solani which causes rice sheath blight, includes 11
families and 20 species.

Among these families, Poaceae and

Cyperaceae were most important (1.72).

Isolates obtained

from rice, grain sorghum, soybean, or broadleaf signalgrass
were equally pathogenic to each of two varieties of
soybean, rice (Oryza sativa L.), sorghum (Sorghum

vulgare

(L.) Moench), and wheat (Triticum sativum L.) (1.51).
Consequently, crop rotation with rice, grain sorghum, and
soybean can cause increases in R. solani foliar diseases

(1 .10 , 1 .20 ).

MULTIPLE PEST INTERACTIONS
Agricultural pests fall into three major categories:
insects, pathogens, and weeds (1.17).

In any agricultural

field, these pests and control measures designed for
specific pests may interact with one another throughout the
growing season (1.49).

Russin et al. (1.60) reported that

soybean stem canker disease severity was reduced on plants
defoliated by soybean looper.

Soybean plants reduced in

size by soybean cyst nematode stress have shown greater

moth influx and consequently having greater corn earworm
(Helicoverpa zea L.) populations than unstressed soybean
due to a more open canopy (1.2).

Soybean damaged by

soybean cyst nematode showed greater injury following
applications of acifluorfen [5-(2-chloro-4(trifluoromethyl)phenoxy)-2-nitrobenzoic acid] and bentazon
[3— (1-methylethyl)-(1H)-2,1,3-benzothiadiazin-4(3H)-one2,2dioxide]

(1.13).

Shelton and Edwards (1.62) reported that

Mexican been beetle (Epilachna varivestis Mulsant.), was
most abundant in weed-free soybean fields, and beneficial
insect populations were most abundant in fields with a
mixture of broadleaf and grass weeds.
The role of weeds as hosts for pathogens causing crop
disease has been investigated to a lesser extent (1.28,
1.31).

Helbig and Carroll (1.31) isolated Fusarium

oxysporum Schlechtend.:Fr. from sixteen dicotyledonous weed
species growing in soybean fields.

Inoculation of soybean

with isolates from these weeds indicated that all isolates
were pathogenic to soybean.

Hartman et al. (1.28) isolated

Colletotrichum truncation (Schw.) Andrus & Moore from eleven
dicotyledonous weed species which were pathogenic to
soybean.

The general conclusions from these studies were

that subsequent carryover of pathogens on weed hosts can
provide an inoculum source for successive crops and may
also provide a base for pathogenic variation for these
organisms (1.28, 1.31).

Chemical weed control methods may affect nontarget
microorganisms as well as host plants (1.3, 1.43, 1.67).
Soybean stress induced by herbicides such as chloramben [3amino-2,5-dichlorobenzoic acid] and 2,4-DB [4-(2,4dichlorophenoxy)butyric acid] increased root colonization
by M. phaseolina (14).

Michailides and Spotts (1.43)

reported that incorporation of 2,4-D and diuron [3-(3,4dichlorophenyl)-1,1-dimethylurea] into soils infested with
Mucor piriformis A. Fischer, Botrytis cinerea Pers.: Fr.,
and Penicillium expansum Link reduced the amount of
propagules of each organism after ten weeks of incubation.
Berner et al. (l.ll) noted a significant reduction in
radial growth of Calonectria crotolariae (C. A. Loos) D. K.
Bell & Sobers when glyphosate was added to the agar medium
at concentrations simulating field rates.
Increases in disease severity caused by R. solani
following applications of various herbicides have also been
reported (1.3, 1.9, 1.16, 1.48, 1.58).

Herbicides such as

prometryn [2, 4-bis (isopropylamino)-6-methylmercapto-striazine] and fluometuron [3-(m-trifluromethylphenyl)-1,1dimethylurea] can have inhibitory effects on disease of
cotton caused by R. solani (1.16).

Rovira and McDonald

(1.58) reported that incorporation of chlorsulfuron [2chloro-N-((4-methoxy-6-methyl-l,3,5-triazin-2yl)aminocarbonyl)benzenesulfonamide] into soil in the
presence of R. solani increased Rhizoctonia root-rot of

17
wheat compared to that caused by R. solani alone.
Differences were not noted when chlorsulfuron was applied
to the foliage of wheat (1.58).

They suggested that the

herbicide, when in the soil environment, increased
susceptibility of the host plant rather than virulence of
the pathogen, but no evidence was provided to support this.
Studies reported in this dissertation address the
development of RFB in soybean with respect to weeds common
in Louisiana and herbicides.

Specific studies were

conducted to evaluate: 1) the effect of weed presence on
changes in the soybean canopy microenvironment, 2) the
effect of weed presence on disease incidence, 3) weeds as
hosts for RFB, and 4) herbicide effects on R. solani AG-1
in culture and disease development in the field.
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CHAPTER II
SOYBEAN (Glycine max) RESPONSE TO WEED INTERFERENCE AND
RHIZOCTONIA FOLIAR BLIGHT (Rhizoctonia solani)
INTRODUCTION
Rhizoctonia solani Kuhn, the causal agent of
Rhizoctonia foliar blight (RFB)1, was first described in
1954 as a pathogen producing abundant microsclerotia on
diseased soybean (Glycine max (L.) Merr.) tissue (2.2).

In

1977, O'Neill et al. (2.18) reported the causal agent of
RFB produced larger sasakii-type sclerotia on diseased
tissue.

It has since been determined that two

intraspecific groups belonging to anastomosis group 1 of R.
solani are involved in the RFB disease complex (AG-1 IA and
IB) (2.14, 2.27).

The disease has been reported in

subtropic regions throughout the world, causing rapid
destruction of soybean (2.8, 2.11, 2.17, 2.23).
The primary inoculum of these pathogens is believed to
be soilborne sclerotia or mycelium on debris from
previously infected plants (2.8).

Infection can occur

prior to crop emergence, causing seed rot (2.17, 2.24) or
by rain-splashing mycelium or colonized debris onto the
base of host plants (2.8).

Once in the foliar portion of

the plant, the pathogens move through the canopy by
Abbreviations:

RFB, Rhizoctonia foliar blight;

potato dextrose agar;
radiation;

PDA,

PAR, Photosynthetically active

AUDPC, Area Under Disease Progress Curve.
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mycelial growth from infected to adjacent noninfected
leaves (2.8, 2.18).

Infection during pod fill and full

green pod stages of soybean development is most detrimental
to soybean yield (2.8).

Environmental conditions such as

extended periods of rainfall (2.1, 2.25), overcast weather
(2.18), high soil moisture (2.26), and low C02 (2.3) as
well as cultural practices such as narrow row spacing
(2.14) and increased plant populations (2.28) have been
shown to increase RFB disease severity.
Weeds depress soybean yield by competing for light,
nutrients, and moisture (2.6, 2.15, 2.16, 2.21, 2.22). Weed
presence can also change the microclimate of a canopy and
potentially alter disease severity by some pathogens (2.5,
2.10).

Studies measuring the effect of these changes on

disease severity, however, have not been reported.

The

duration of the dew period and relative humidity within the
crop canopy are highly affected by wind movement,
temperature, and solar radiation (2.12, 2.13).

The shade

effect of weeds in a crop restricts wind movement and
reduces soil water evaporation thus preventing air movement
within the canopy (2.9, 2.12, 2.13).

Even though common

cocklebur (Xanthium strumarium L.), hemp sesbania (Sesbania
exaltata (Raf.) Rybd. ex A. W. Hill), and johnsongrass
(Sorghum halepense (L.) Pers.) vary in their canopy
architecture, all are capable of developing a canopy above
soybean, particularly late in the growing season after
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flowering of soybean occurs.

Common cocklebur at densities

of 1 to 2 plants / m2 can intercept 44 to 56% of the
sunlight by forming a full canopy above the soybean crop

(2 .21 ).
Rhizoctonia foliar blight is an environmentally
dependant disease and the ability of weeds to modify the
microenvironment within the canopy of a crop is well known
(2.9, 2.12, 2.13).

The objectives of this research were to

measure the relationship between RFB and common cocklebur,
hemp sesbania, and johnsongrass in respect to RFB disease
severity, light penetration within the canopy, soybean
maturity at harvest, and soybean yield.

MATERIALS AND METHODS
Field studies were conducted in 1993 and 1994 at the
Louisiana State University Agricultural Center, Ben Hur
Research Farm near Baton Rouge, LA on a Mhoon silty clay
loam soil (fine-silty, mixed, non-acid, thermic Fluventic
Haplaquept).

The soybean cultivar 'Davis' (maturity group

VI)(RFB susceptible) was planted May 13, 1993 and June 17,
1994 on flat rows.

Plots were four rows spaced 76 cm apart

and 6 m in length.

Experiments were established in a

randomized complete block design with factorial arrangement
of treatments.

Factor A consisted of with or without R.

solani inoculation, factor b consisted of weed species, and
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factor c consisted of weed densities.

Treatments were

replicated four times.
Common cocklebur, hemp sesbania, and johnsongrass weed
species were selected based on their different canopy
architecture and their prevalence throughout soybean
producing areas of the southern United States.

Weed

densities (none, low, and high) were selected based on
reported threshold levels for the weed species in soybean
(2.4, 2.15, 2.16).

Specific densities were 0, 2, and 8

common cocklebur plants and 0, 4, and 16 hemp sesbania or
johnsongrass plants / 6 m of row.

Weed seeds were planted

in peat pellets in the greenhouse the same day that soybean
was planted in the field.

Weeds were transplanted 2.5 cm

from the soybean row one week after soybean emergence.
Plots were maintained free of other weeds throughout the
growing season by cultivation and hand hoeing.

Weeds were

planted on all rows of each plot and data were collected
from the two center rows.
Two isolates of R. solani anastomosis group 1, BHIA-10
(IA) and BHMS-1 (IB) were used.

These isolates were

collected from infected soybean leaves on the Ben Hur
Research Farm in 1990.

Isolates were maintained on potato

dextrose agar (PDA)1 in darkness at room temperature.
Inoculum suspensions were prepared by combining 5-day-old
colonies of IA and IB on PDA with 3 L of sterile water and
blended at high speed for 30 s using a Waring blender.

Inoculum suspensions were quantified using a hemocytometer
and ranged from 327,500 - 598,750 mycelial fragments / ml
distilled H20.

Designated plots were inoculated at the V10

and R1 soybean growth stages (2.7) by spraying 65 ml of the
mycelial suspensions on the center two rows of each plot
using a compressed air pressurized sprayer.

Inoculations

were made just prior to dusk following 2 h of sprinkler
irrigation to provide free moisture on leaf surface.
Fields were sprinkler irrigated throughout the growing
season to ensure adequate moisture within the canopy for
disease development.

Supertin (triphenyltin hydroxide) at

0.07 ai kg/ha was applied to noninoculated plots at R3 and
R5 in 1993 and R5 in 1994 to suppress naturally occurring
RFB.

Insecticide applications were made as needed to

control foliage feeding caterpillars.
Severity of RFB was rated visually at weekly intervals
starting at the VI growth stage of soybean.

Disease

severity was calculated as the product of disease incidence
(percent of plants diseased) and percentage of canopy
infected.

For both disease incidence and percentage of

canopy infected, values ranged from 0 to 5 (0 = no disease,
1 = 1 -

20%, 2 = 21 - 40%, 3 = 41 - 60%, 4 = 61 - 80%, and

5 = 81 - 100%).

Ratings were expressed as the average of

four observations taken from the middle two rows of each
plot.

Areas under disease progress curves (AUDPC)3 for

disease severity were calculated using the formula
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described by Shaner and Finney (2.20) in which AUDPC = Sj".,
(Xi+1 + Xj) (ti + + ~ t+) / 2, where X, = disease severity at
the ith observation, t{ = time (days) at the ith
observation, and n = total number of observations.
Light penetration within the canopy was measured
between rows 2 and 3 from 12:00 to 1:00 P.M. every 14 d
starting at R1 growth stage of soybean. Light measurements
were taken using a quantum sensor2 with a i m

line sensor.

Measurements were taken 30 cm above the soil surface and
expressed as photosynthetically active radiation (PAR)1
(2.13).

Five measurements were taken along the entire

length of the soybean row and averaged for each plot.
Soybean maturity, based on the amount of green foliage
present (0 = green stem and leave, 100 = brown stem without
leaves), was visually determined 1 d prior to harvest.
Soybean was harvested using a Almaco small plot combine
after weeds were removed, and yield was adjusted to 13%
moisture.
Data were analyzed using SAS General Linear Models
procedure (2.19) to test for main treatment effects and
interactions among treatments.

Means were separated using

Fisher's protected least significant difference (F <0.05).

2Decogon Sunfleck ceptometer.
Box 835, Pullman, WA.

Decagon Devices Inc. P.O.
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RESULTS AND DISCUSSION
Rainfall during May in 1994 caused soybean planting to
be delayed 35 days compared with 1993.

As a consequence,

soybean and weed growth in 1994 was less, as evidenced by
increased light penetration through the canopy (Table 2.1).
The denser canopy in 1993 provided an environment conducive
to RFB development.

Fungicide applications were effective

in reducing RFB severity in noninoculated plots expressed
as AUDPC in 1993 (Table 2.1).

Because differences in

canopy development and disease severity occurred between
years, results for 1993 and 1994 are presented separately.
Photosynthetically active radiation.

In 1993, PAR was

increased in plots inoculated with R. solani and reduced in
plots where weeds were present (Table 2.1).

A significant

R. solani by weed and R. solani by density interactions
were detected for PAR.

In plots inoculated with R . solani,

more light penetrated the soybean canopy when common
cocklebur or johnsongrass were present than when hemp
sesbania was present (Fig. 2.1).

In noninoculated plots,

weed species had no effect on PAR (Fig. 2.1).

In

noninoculated plots, weed density had no effect on PAR, and
increased PAR in plots inoculated with R. solani was
lessened as weed density increased (Fig. 2.2).

This

indicates that when the soybean canopy was reduced by RFB,
which allowed more light penetration, weeds compensated for
this canopy reduction by producing more foliage, thereby,

Table 2.1. Main effects and interactions of Rhizoctonia solani, weed species, and weed
densities on light penetration, soybean maturity, severity of Rhizoctonia foliar blight,
and soybean yield in 1993 and 1994.
1993
Factor

Level

PAR*

Soybean1*
maturity

1994
AUDPC°

%
Not inoculated4

R. solani

Inoculated
P

Weed

Density

Soybean
yield

PAR*

(kg/ha)

Soybean1*
maturity

AUDPCc

%

Soybean
yield
(kg/ha)

67

87

431

2594

1454

91

311

2399

109

95

531

2070

1466

93

330

2460

0.0011

0.0001

0.0001

0.0001

ns

ns

ns

ns

XANST*

91

93 a

482

874 a

1533 a

94 a

315

947 a

SEBEX

81

87 b

471

802 b

1393 c

90 b

314

826 b

SORHA

92

93 a

489

874 a

1454 b

92 ab

333

874 b

P

ns

0.0001

ns

0.0147

0.0109

ns

0.0029

113 a

93 a

482

899 a

1624 a

91

329

972 a

low

74 b

91 a

475

923 a

1520 b

93

314

899 a

high

77 b

89 b

486

729 b

1236 c

92

319

777 b

0.0203

0.0017

ns

0.0001

0.0001

ns

ns

0.0001

none*

P

0.0001

P > F
R. solani

by

Weed

0.0146

0.0017

ns

0.0487

ns

ns

ns

0.0182

R. solani

by

Density

0.0055

ns

ns

ns

ns

ns

ns

ns

Density

ns

0.0005

ns

ns

0.0031

ns

ns

0.0174

R. solani by Weed by Density
(table con'd)

ns

ns

ns

ns

0.0002

ns

ns

ns

Weed

by

w

to

* PAR, photosynthetically active radiation measured as imol x m'1 x sec-1 at

111 daysafterplanting.

b Soybean maturity one day prior to harvest based on amount of green planttissue.
c AUDPC, area under disease progress curve.
d Inoculum suspensions contained a mixture of R. solani AG-1 IA and IB ranging from 327,500 - 598,750 mycelial
fragments / ml of distilled B20.
* XANST, common cocklebur;

SEBEX, hemp sesbania;

SORHA, johnsongrass.

low, 2 common cocklebur, 4 hemp sesbania, and4 johnsongrassplants
c none, weed free plots;
common cocklebur, 16 hemp sesbania, and 16 johnsongrass plants / 6 m row.
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Figure 2.1. Photosynthetically active radiation within the soybean canopy as
affected by common cocklebur (XANST), hemp sesbania (SEBEX), and johnsongrass
(SORHA) in plots not inoculated or inoculated with R. solani AG-1 IA and IB in
1993. Within inoculation treatments, letters above bars indicate significant (P
< 0.05) differences according to LSD. Vertical lines delimit standard errors
for means of four replicates.
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Figure 2.2. Photosynthetically active radiation within the soybean canopy as
affected by weed density (none = no weeds, low = 2 common cocklebur, 4 hemp
sesbania or 4 johnsongrass plants, and high = 8 common cocklebur, 16 hemp
sesbania or 16 johnsongrass plants / 6 m row) in plots not inoculated or
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according to LSD. Vertical lines delimit standard errors for means of four
replicates.
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reducing light penetration in the canopy in the presence of
weeds.
In 1994, delayed planting resulted in less soybean
canopy development than in 1993, which accounted for the
greatly reduced PAR in 1993 (Table 2.1).

In 1994, PAR was

greatest when common cocklebur was present and lowest when
hemp sesbania was present, and PAR decreased as weed
densities increased (Table 2.1).

A significant R. solani

by weed by density interaction was detected for PAR.

In

noninoculated plots, PAR for hemp sesbania and johnsongrass
at low densities did not differ from PAR in the absence of
these weeds (Fig. 2.3).

However, in plots inoculated with

R. solani, low densities of hemp sesbania and johnsongrass
reduced PAR compared with when hemp sesbania and
johnsongrass were not present (Fig. 2.3).
Soybean maturity.

In 1993, soybean maturity was

accelerated by R. solani, delayed by hemp sesbania relative
to other weed species, and delayed as weed densities
increased (Table 2.1).

A significant R . solani by weed

interaction for soybean maturity was detected.

Examination

of individual treatment means showed that the magnitude of
soybean maturity delay caused by hemp sesbania was greater
in noninoculated plots than in plots inoculated with R.
solani (Fig. 2.4).

A significant weed by density

interaction was also detected for soybean maturity (Table
2.1).

This showed that increased weed densities caused
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affected by weed density (none = no weeds, low = 2 common cocklebur (XANST), 4
hemp sesbania (SEBEX) or 4 johnsongrass (SORHA) plants, and high = 8 common
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inoculated or inoculated with R. solani AG-1 IA and IB in 1994. Within weed
species and inoculation treatments, letters above bars indicate significant (P <
0.05) differences according to LSD. Vertical lines delimit standard errors for
means of four replicates.
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step-wise delays in maturity for hemp sesbania, but not for
common cocklebur and johnsongrass (Fig. 2.5).

Soybean

maturity was also delayed by hemp sesbania in 1994 (Table
2.1).

Hemp sesbania has been reported to cause higher

soybean seed moisture at harvest, primarily due to
increased hemp sesbania green material present during the
combining process (2.15).

Results from this study are the

first to indicate a delay in soybean maturity associated
with the presence of hemp sesbania.

Unlike common

cocklebur, hemp sesbania plants remain green until frost,
which occurs much later in the season (2.15).

The delay in

maturity may be due to succulent hemp sesbania plants,
which maintain high relative humidity in plots and delay
drying of soybean.
Area under disease progress curve.

AUDPC was unaffected by

weed species or densities both years (Table 2.1).

In 1993,

AUDPC averaged across weeds and densities was higher in
inoculated than in noninoculated plots.

The absence of

this response in 1994 likely was related to overall reduced
canopy development and the lower disease levels that year.
Other research has indicated that brown patch of turfgrass
caused by R. solani AG-1 IA was most severe under shaded
conditions (2.29).

Severity of RFB may not additionally be

influenced by the shade effect from weed competition than
that of the normal shade effect by the soybean plant.
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Figure 2.5. Soybean maturity as affected by weed species and density (none = no
weeds, low = 2 common cocklebur (XANST), 4 hemp sesbania (SEBEX) or 4
johnsongrass (SORHA) plants, and high = 8 common cocklebur, 16 hemp sesbania or
16 johnsongrass plants / 6 m row) in 1993. Within weed species, letters above
bars indicate significant (P < 0.05) differences according to LSD. Vertical
lines delimit standard errors for means of four replicates.
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Soybean yield.

In 1993, soybean yield was reduced 20% in

plots inoculated with R. solani (Table 2.1).

Soybean yield

was reduced when hemp sesbania was present and when weeds
were present at the high densities.

A significant

interaction was detected for R. solani by weed species in
1993.

Soybean yield was reduced by hemp sesbania in plots

that were not inoculated with R . solani (Fig. 2.6).
Soybean yield was equivalent regardless of weed species in
inoculated plots.
In 1994, soybean yield was reduced in the presence of
hemp sesbania and johnsongrass relative to common
cocklebur, and reduced at the high weed densities (Table
2.1).

Significant R . solani by weed and weed by density

interactions were detected for soybean yield.

In 1994,

soybean yield was reduced by hemp sesbania and johnsongrass
in plots that were inoculated with R. solani relative to
common cocklebur (Fig. 2.6).

Soybean yield in response to

weed species did not differ among noninoculated plots in
1994 (Fig. 2.6).

Results observed from the R . solani by

weed interaction were inconsistent between years.
Soybean yield was reduced by the high density of hemp
sesbania and by johnsongrass at the low and high densities,
but not affected by common cocklebur (Fig. 2.7).

This

could be attributed to reduced light penetration into the
canopy associated with these treatments (Fig. 2.3).

This

is further supported by studies conducted by Stoller and
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Woolley (2.22), which indicated that light interference by
weeds may be the single most limiting factor affecting
soybean yield.

Dissimilarity in interactions between years

may have been a result of higher disease severity in 1993
and reduced soybean canopy in 1994 due to delayed planting.
In 1993, common cocklebur and johnsongrass in plots
inoculated with R. solani, and in 1994 hemp sesbania and
johnsongrass in plots inoculated with R. solani reduced
soybean yield more than noninoculated plots (Fig. 2.6).
This suggests that in fields with a history of RFB, weeds
should be controlled to minimize yield losses inherent with
RFB presence.

This is especially important since labelled

fungicides do not provide acceptable RFB control.

Other

studies have identified factors affecting RFB disease
severity such as row spacing, plant densities, and soybean
growth stage as related to canopy closure (2.14, 2.28).
Results from the present studies indicate that a delay in
the date of planting, as occurred in 1994, may have caused
a reduction in disease severity without noticeable
differences in soybean yield.

This occurred even though

plots were sprinkler irrigated to provide conditions
favorable for RFB development.

The earlier planting date

in 1993 resulted in a greater amount of vegetative growth
as expressed by the amount of light penetrating the soybean
canopy.

A more open soybean canopy probably provided

better air movement through the canopy in 1994 accounting
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for reductions in RFB disease severity.

Yield losses due

to weeds are probably not as dependant on environmental
conditions as disease development.

These studies emphasize

the importance of implementation of integrated pest
management strategies in soybean to reduce yield losses
associated with weed competition in fields where RFB is
present.

LITERATURE CITED
2.1

Appel, J. A. 1992. First report of Sclerotium
(Southern) blight and Rhizoctonia aerial blight of
soybeans in Kansas. Plant Dis. 76:539.

2.2

Atkins, J. G., Jr. and W. D. Lewis. 1954.
Rhizoctonia aerial blight of soybean in Louisiana.
Phytopathology 44:215-218.

2.3

Baker, K. F. 1970. Types of Rhizoctonia diseases and
their occurrences. In J. R. Parmeter, Jr. (ed.),
Rhizoctonia solani, biology and pathology. Univ.
Calif. Press, Berkeley, 255 p.

2.4

Barrentine, W. L. 1974. Common cocklebur competition
in soybean. Weed Sci. 22:600-603.

2.5

Dhingra, 0. D. and J. R. da Silva. 1978. Effect of
weed control on the internally seedborne fungi in
soybean seed. Plant Dis. Rept. 62:513-516.

2.6

Elmore, G. A. and H. D. Coble. 1993. Soybean canopy
effects on weed interference. Proc. South. Weed Sci.
Soc. 46:106.

2.7

Fehr, W. R. , C. E. Caviness, D. T. Burmood, and J. D.
Pennington. 1971. Stage of development descriptions
for soybeans, Glycine max (L.) Merr. Crop Sci. 11:2526.

2.8

Galindo, J. J., G. S. Abawi, H. D. Thurston, and G. E.
Galvez. 1982. Source of inoculum and development of
web-blight of beans in Costa Rica. Phytopathology
72:170.

46
2.9

Grau, C. R. and V. L. Radke. 1984. Effects of
cultivars and cultural practices on Sclerotinia stem
rot of soybean. Plant Dis. 68:56-58.

2.10 Hartman, G. L., J. B. Manandhar, and J. B. Sinclair.
198 6. Incidence of Colletotrichum spp. on soybeans
and weeds in Illinois and pathogenicity of
Colletotrichum truncatum. Plant Dis. 70:780-782.
2.11 Hepperly, P. R. , J. S. Mignucci, and R. S. Smith.
1982. Rhizoctonia web blight on soybean in Puerto
Rico. Phytopathology 72:170.
2.12 Jones, H. G.
1983. Plants and microclimate.
Cambridge University Press, 323 p.
2.13 Jones, M. B.
1985.Plant microclimate.
In J.
Coombs, D. 0.Hall, S. P. Long,
and J. M. 0. Scurlock
(eds.), Techniques in bioproductivity and
photosynthesis. Pergamon Press, Elmsford, New York,
298 p.
2.14 Joye, G. F., G. T. Berggren, Jr., and D. K. Berner.
1990. Effect of row spacing and within-row plant
population of Rhizoctonia aerial blight of soybean and
soybean yield. Plant Dis. 74:158-160.
2.15 McWhorter, C. G. and J. M. Anderson. 1979. Hemp
sesbania (Sesbania exaltata) competition in soybeans
(Glycine max). Weed Sci. 27:58-64.
2.16 McWhorter, C. G. and E. E. Hartwig. 1972.
Competition of johnsongrass and cocklebur with six
soybean varieties. Weed Sci. 20:56-59.
2.17 Muyolo, N. G., P. E. Lipps, and A. F. Schmitthenner.
1993. Anastomosis grouping and variation in virulence
among isolates of Rhizoctonia solani associated with
dry bean and soybean in Ohio and Zaire.
Phytopathology 83:438-444.
2.18

O'Neill, N. R.,M. C. Rush, N. L. Horn, and R. B.
Carver. 1977. Aerial blight of soybean caused by
Rhizoctonia solani. Plant Dis. Rept. 61:713-717.

2.19 SAS Institute. 1988. SAS/STAT user's guide, release
6.03 edition. SAS Institute, Cary, NC. 1028 p.
2.20

Shaner, G. and R. E. Finney. 1977. The effect of
nitrogen fertilization on the expression of slowmildewing resistance in Knox wheat. Phytopathology
67:1051-1056.

47
2.21 Shurtleff, J. L. and H. D. Coble. 1985. Interference
of certain broadleaf weed species in soybeans (Glycine
max). Weed Sci. 33:654-657.
2.22 Stoller, E. W. and J. T. Woolley. 1985. Competition
for light by broadleaf weeds in soybean (Glycine max).
Weed Sci. 33:199-202.
2.23 Verma, H. S. and P. N. Thapliyal. 1976. Rhizoctonia
aerial blight of soybean. Indian Phytopathol. 29:389391.
2.24 Yang, X. B., G. T. Berggren, Jr., and J. P. Snow.
1988. Seedling infection of soybean by Rhizoctonia
solani AG-1, causal agent of aerial blight. Plant
Dis. 72:644.
2.25 Yang, X. B., G. T. Berggren, Jr., and J. P. Snow.
1990. Effects of free moisture and soybean growth
stage on focus expansion of Rhizoctonia aerial blight.
Phytopathology 80:497-503.
2.26 Yang, X. B., G. T.
Berggren, Jr., and J. P. Snow.
1990. Seedling infection of soybean by isolates of
Rhizoctonia solani AG-1, causal agent of aerial blight
and web blight of soybean. Plant Dis. 74:485-488.
2.27 Yang, X. B., G. T. Berggren, Jr., and J. P. Snow.
1990. Types of Rhizoctonia foliar blight on soybean
in Louisiana. Plant Dis. 74:501-504.
2.28

Yang, X. B., J. P. Snow, and G. T. Berggren, Jr.
1990.
Analysis of epidemics of Rhizoctonia aerial
blight of soybean in Louisiana. Phytopathology
80:386-392.

2.29 Zarlengo, P. J., C. S. Rothrock, and J. W. King.
1994. Influence of shading on the response of tall
fescue cultivars to Rhizoctonia solani AG-1 IA. Plant
Dis. 78:126-129.

CHAPTER III
HERBICIDE EFFECTS ON Rhizoctonia solani AG-1 IA AND IB in
Vitro AND ON RHIZOCTONIA FOLIAR BLIGHT ON SOYBEAN
INTRODUCTION
Rhizoctonia foliar blight (RFB)3, caused by Rhizoctonia
solani Kuhn anastomosis group 1 (AG-1), was first reported
on soybean (Glycine max (L.) Merr.) in Louisiana in 1954
(3.4).

Since then, two intraspecific groups of R. solari

AG-1 have been identified: AG-1 IA and IB, which cause
aerial blight and web blight, respectively (3.30, 3.31).
Soilborne sclerotia and colonized plant debris were
reported as the primary sources of inoculum (3.12).
Soybean seed may become infected prior to emergence,
resulting in seed rot (3.19, 3.29).

Symptoms may be

observed on soybean as early as the VI growth stage, but
RFB is most destructive following canopy closure and during
soybean pod development (3.12, 3.13, 3.33).
The impact of herbicides on non-target soil
microorganisms was first investigated in the early 1940's
(3.27).

Studies addressed the effects of herbicides on

growth and development of R. solani.

Altman (3.1) reported

that R . solani can utilize herbicides as an energy source
in culture when concentrations range from 1 - 1000 ppm, but
growth was reduced when concentrations were higher.
Abbreviations:

RFB, Rhizoctonia foliar blight;

potato dextrose agar; DAP, days after planting.
48

The
PDA,

herbicides trifluralin [2,6-dinitro-N,N-dipropyl-4(trifluoromethyl)benzenamine], atrazine [6-chloro-N-ethylN'-(1-methylethyl)-1,3,5-triazine-2,4-diamine], paraquat
[1, 1'-dimethyl-4,4'-bipyridinium ion], and alachlor [2chloro-W-(2,6-diethylphenyl)-N-(methoxymethy1)acetamide]
reduced growth of R. solani in culture (3.17, 3.20, 3.23,
3.28).

The effects of herbicides on development of

overwintering structures of R. solani, however, have not
been reported.
Greenhouse and field studies evaluating the effects of
herbicides on Rhizoctonia root disease development reported
both increases and decreases in disease incidence following
herbicide applications.

Incidence of damping-off of

seedling cotton, caused by R. solani, increased following
application of trifluralin (3.20, 3.22).

Results suggest

that trifluralin predisposed cotton seedlings to infection
by physical or chemical modification of their root system.
Increased glucose exudates from plant roots in the presence
of pyrazon [5-amino-4-chloro-2-phenyl-3(2H)-pyridazinone]
and cycloate [S-ethyl clohexylethylcarbamothioate] may be
related to increased disease incidence caused by R. solani
in sugarbeet (3.2).

Reduced incidence of Rhizoctonia

damping-off in soybean following application of
dinitroaniline herbicides was reported in some studies
(3.9) while in other studies, little or no effect of
herbicide on incidence of damping-off was noted (3.8).
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Environmental conditions such as rainfall (3.21, 3.33),
and cultural practices such as row spacing and plant
density,

can affect RFB development in soybean

However,

studies have not addressed effects of herbicides

on development and severity of RFB.

(3.15).

With environmental

emphasis on reducing herbicide inputs, selection of
pesticides with activity against more than one class of
pest may

be veryadvantageous.

research

were to

The objectives of our

determine the effect of selected soybean

herbicides on mycelial growth and sclerotia production by
JR. solani AG-I IA and IB in vitro and to measure RFB
severity and soybean yield in response to applications of
soil and foliar applied herbicides in the field.

MATERIALS AND METHODS
Laboratory studies.

Two isolates of R. solani AG-1, BHIA-

10 (IA) and BHMS-1 (IB), were used in these studies.

These

isolates were collected from a soybean field at the Ben Hur
Research Farm, near Baton Rouge, LA in 1990.

Isolates were

maintained on potato dextrose agar (PDA)1 at room
temperature (approximately 25 + 2 C).

Pendimethalin [N-(1-

ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzenamine],
alachlor, acifluorfen [5-(2-chloro-4-(trifluoromethyl)
phenoxy)-2-nitrobenzoic acid], paraquat, glufosinate [2amino-4-(hydroxymethylphosphinyl)butanoic acid], and
glyphosate [N-(phosphonomethyl) glycine] were used, with IX

rates equivalent to 0.84, 2.24, 0.42, 0.35, 0.28 and 0.84
kg ai/ha, respectively.

Amount of herbicide needed was

calculated based on the surface area of 15 ml of PDA
contained in a 90-mm-diam petri dish as a fraction of a
hectare.

Final herbicide concentrations for 0.5X, IX, and

2X rates using formulated herbicides were 152, 303, and 606
/xl/L, respectively, for alachlor; 46, 91, and 182 jtfl/L,
respectively, for glufosinate; 38, 76, and 152

ijl1/L,

respectively, for paraquat; and 57, 114, and 228 y.l/L,
respectively, for pendimethalin, acifluorfen, and
glyphosate.

Tests were conducted twice.

Herbicides were added to autoclaved, cooled (65 C) PDA.
Agar plugs (5 mm diam) cut from advancing margins of R .
solani cultures on PDA were transferred to centers of petri
dishes that contained 15 ml of herbicide-amended PDA.
Colonies were incubated in darkness at 30 C for the
duration of the experiments.

Radii of fungal colonies were

measured after 24 h, and sclerotia were removed from plates
after 14 d, dried at 50 C for 72 h, and weighed.
Laboratory experiments were established in split-plot
experimental designs, with isolates of R. solani as mainplot treatments, and herbicides and rates as sub-plot
treatments.

Treatments included pendimethalin, alachlor,

acifluorfen, paraquat, glufosinate, and glyphosate at 0.5,
1, and 2X concentrations and non-amended controls for both
the IA and IB isolates.

Each treatment was replicated

three times.

Data were analyzed using SAS General Linear

Models procedure (SAS Institute 1998) to test for main and
sub-plot treatment effects and interactions (3.25).

Means

were separated using Fisher's protected least significant
difference (P <0.05).

Single degree-of-freedom polynomial

contrasts were used to study responses of R. solani AG-1 IA
and IB to changes in herbicide concentration.
Field Studies.

Field studies were conducted in 1994 at two

sites on the Louisiana State University Agricultural Center
Ben Hur Research Farm near Baton Rouge, LA on a Mhoon silty
clay loam soil (fine-silty, mixed, non-acid, thermic
Fluventic Haplaquept).

Study 1 was located in a field with

very good drainage and no history of RFB, whereas study 2
was located in a more poorly drained field that had been
the site of numerous RFB studies in previous years
Soybean cultivar 'Davis' (maturity group VI, RFB
susceptible)
study.
length.

(3.33) was planted June 29, 1994 for each

Plots were 4 rows spaced 76 cm apart and 6 m in
Herbicide treatments included; 1) no herbicide

application, 2) pendimethalin (0.84 kg ai/ha) PRE, 3)
alachlor (2.4 kg ai/ha) PRE, 4) paraquat (0.56 kg ai/ha)
POST directed, 5) acifluorfen (0.68 kg ai/ha) POST overtop,
6) pendimethalin (0.84 kg ai/ha) PRE followed by paraquat
(0.56 kg ai/ha) POST directed, 7) pendimethalin (0.84 kg
ai/ha) PRE followed by acifluorfen (0.68 kg ai/ha) POST
overtop, and 8) pendimethalin (0.84 kg ai/ha) PRE followed

by paraquat (0.56 kg ai/ha) POST directed followed by
acifluorfen (0.68 kg ai/ha) POST overtop.

Nonionic

surfactant at 0.25% (V/V) was added to the POST treatments.
POST applications were made 33 and 29 DAP, respectively,
for study 1 and study 2.

Because R. solani AG-1 IA and IB

can grow from infected weeds to adjacent soybean plants in
close proximity (3.7), plots were maintained weed-free by
cultivation and hoeing.
Fungal inoculum was prepared on autoclaved oat seeds in
the laboratory.

Inocula for R. solani AG-1 IA and IB were

prepared separately by transferring five 5 mm-diam plugs of
PDA bearing mycelium of either isolate to 0.6 L of
autoclaved oat seeds in sealed 0.8 L jars and incubated for
30 d at room temperature (approximately 25 + 2 C).

Prior

to planting of soybean, 0.6 L of colonized oat seed (0.3 L
for IA, 0.3 L for IB) was spread by hand in a 0.33 m band
along the entire 6 m length of the center two rows of each
plot.

Inoculum was then incorporated to the depth of 5 cm

using a rotary tiller.

This was done in an attempt to

establish uniform inoculum density and subsequent disease
severity in plots.

Soybean was planted following

incorporation of inoculum, and PRE herbicide applications
followed planting of soybean.

Post emergence treatments

were applied when soybean plants were at V4 (3.11)
stage (20 - 3 0 cm in height) in study

1,

stage (3 0 - 35 cm in height) in study

2.

growth

and at V5growth

Severity of RFB was rated visually at weekly intervals
starting at the VI growth stage of soybean.

Disease

severity was calculated as the product of disease incidence
and percentage of canopy infected.

For both disease

incidence and percentage of canopy infected, values ranged
from 0 to 5 (0 = no disease, 1 = 1 -

20%, 2 = 21 - 40%, 3 =

41 - 60%, 4 = 61 - 80%, and 5 = 81 - 100%).

Ratings were

expressed as the average of four observations taken from
the middle two rows of each plot.

Areas under disease

progress curves (AUDPC) for disease severity were
determined using the formula described by Shaner and Finney
(3.2 6) in which:
AUDPC = S-n=1 (Xi+1 + X,) (tj + 1 - tj) / 2, where Xi = disease
severity at the ith observation, tj = time (days) at the
ith observation, and n =- total number of observations.

The

middle two rows of each plot were harvested at maturity,
and yield was adjusted to 13% moisture.
Herbicide treatments were arranged in a randomized
complete block experimental design with four replications.
Data were analyzed using SAS General Linear Models
procedure (SAS Institute 1988) to test for treatment
effects (3.25).

Means were separated using Fisher's

protected least significant difference (P <0.05).

Single

degree-of-freedom contrasts were used to evaluate effects
of individual herbicides on disease severity and soybean
yield.

55
RESULTS AND DISCUSSION
Laboratory Studies.

Analysis of variance showed no

experiment by treatment interactions; therefore, results
from duplicate experiments were combined.
Colony radius.

Radii of R. solani AG-1 IA and IB colonies

were reduced significantly as concentrations of all
herbicides increased from 0.5X to 2X rates (Table 3.1).
Growth reductions by all herbicides were best described by
a linear relationship, although reductions by alachlor and
glufosinate also were described by a quadratic
relationship.

However, examination of F values indicated

that the linear response was much stronger than the
quadratic for alachlor and glufosinate.
Since growth reduction in both isolates in response to
increasing herbicide rates was best described by a linear
relationship, only growth responses at the IX herbicide
rate will be discussed.

At the IX rate, the IA isolate was

most sensitive to alachlor, paraquat and glufosinate;
colony radius was reduced at least 72% by these herbicides
(Table 3.1).

The IX rates of pendimethalin, acifluorfen,

and glyphosate were less debilitating and reduced colony
radius 11 to 49%.

In contrast, alachlor and paraquat at

the IX rate reduced IB colony radius at least 70%, whereas

Table 3.1.
PDA.

Colony radius of Rhizoctonia solani AG-1 IA and IB on herbicide-amended

R. solani AG-1 IA

Colony radius

R. solani AG-1 IB

Contrastb

Colony radius
Rate

Rate*
Herbicide

0.5X

IX
mm

untreated
pendimethalin
alachlor
acifluorfen
paraquat
glufosinate
glyphosate
LSD

(P

< 0.05)'

Contrast

2X

Linear

Quadratic

0.5X

—

IX
T rim

14.0

14.2

14.3

8.5

7.2

5.5

2X

13.3

13.2

5.5

4.2

34.35
****

0.57
ns

6.9

Quadratic

—

13.2
F
P <

Linear

F

—

P

<

47*61
*★**

1.94
ns

6.5

3.4

0.9

F ss
P <

812.42
****

53.13
★★★*

5.9

2.3

0.8

F S
P <

575.42
****

126.10
****

11.8

10.8

9.6

F ss
P <

46.38
** ★★

1.35
ns

3.8

8.5

7.2

F s
P <

8.31

0*16
ns

ss

26.11

2.89
ns

5.0

F
P

ss

45.58

56.59

11.0

F
P

z=
<

★***

**★*

F
P

ES

1.50
ns

1.32
ns

5.8
7.6
13.9
1.1

4.0
3.1
12.7
1.0

2.9
2.0
10.5

F
P

<

F
P

<

****

* ★★ *

F
P

ss

14.11

<

**

0.01
ns

***

166.16

1.3

12.0
0.9

4.0
5.2
10.2
0.8

2.9
3.9
10.3

<

<

**

★★★*

0.67
ns

168.30

59.30

1.7

*The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and glyphosate corresponds to 0.84,
2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
bns = not significant, ** = significance at P < 0.01, *** = significance at P < 0.001, **** = significance at P <

0 . 0001 .

'Fisher's protected least significant difference (P < 0.05).

Ui

57
pendimethalin, acifluorfen, and glufosinate reduced colony
radius

36 to 61%. Glyphosate at the IX rate reduced

radius

of the IA and IB isolates 10.6 and 23.3%,

respectively.

colony

Reductions in colony radius for both

isolates were also observed on 2% water agar4, amended with
the same herbicides and rates (Appendix A ) .
Because IA and IB had different growth rates on PDA
(Table 3.1), percent reduction of colony radius on
herbicide-amended PDA relative to non-amended controls were
transformed to identify differences in growth rate (Table
3.2).

Significant

differences between IA and IB with

regard

to relative growth reductions were detected on

media

amended with pendimethalin, alachlor, acifluorfen, or
glufosinate but not with paraquat or glyphosate.

The IB

isolate was generally more susceptible to all rates of
herbicides than was the IA isolate, although the reverse
was true with glufosinate.

Additional observations

indicated that glufosinate was fungitoxic to IB but
fungistatic to IA at all concentrations, and that paraquat
was fungistatic at IX and fungitoxic at 2X concentrations
to IA (data not shown).

Differences between IA and IB with

regard to relative growth were also observed on 2% water
agar amended with these same herbicide treatments (Appendix
B)

.
4Water agar, Bacto-agar, Difco Laboratories, Detroit,

Michigan.

Table 3.2. Differential response in colony radius of Rhizoctonia
solani AG-1 IA and IB on herbicide-amended PDA.
Colony radius
0.5X
Herbicide

IB

IA

IB

IA
%

pendimethalin
F =
P <°

63

alachlor
F =

45

83

paraquat
F «=
P <

41

glufosinate
F «

54

47

28

87

32

21

42

22

15

0.75
ns

31
62.14
****

81

90

23
0.55
ns

54.34
***★
96

0.12
ns

23.62
**★

1.17
ns

22.47
***

57

67

0.62
ns
39

7

6
0.15
ns

68

76

33
0.42
ns

18

24

1.05
ns

IB

39

21.43
***
70

98

44
13.21
**

4.17
*

P <

IA

reduction1”

51

0.82
ns

acifluorfen
F =
P <

glyphosate
F ■=
P <

54
3.26
*

P <

2X

IX

74

70
0.98
ns

‘The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and
glyphosate corresponds to 0.84, 2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
hfalue expressed as percentage (%) of non-amended control.
°ns *= not significant, * «= significance at P < 0.05, ** «= significance at P < 0.01, *** *
significance at P < 0.001, **** = significance at P < 0.0001.

Studies of herbicide effects on R. solani from different
anastomosis groups have shown similar reductions in
mycelial growth on media amended with alachlor, paraquat,
or glyphosate.

Rodriguez et al. (3.23) reported at least

60% reductions in dry wt of R. solani mycelium after 15 d
when media was amended with paraquat at 6.25 ppm.

Verma

and McKenzie (3.28) reported reduced growth by R. solani
AG-2-1 and AG-4 on media amended with alachlor at 5 ppm or
glyphosate at 10 ppm.

However, growth reductions for AG-4

were more severe than those from AG-2.-1.

The differential

response of R. solani AG-1 IA and IB to selected herbicides
described in our results has not been reported previously.
This differential response may be explained by differences
in genetic variation between isolates from different
intraspecific groups.

Kousik et al. (3.16) identified

differences in R . solani AG-1 IA and IB based on the
presence/absence of dsRNA components from isolates obtained
from the same field.
Sclerotia production.

Differences in sclerotia production

were evident in response to herbicide treatments, but not
in response to herbicide rate for either isolate (Table
3.3).

Sclerotia production by IA and IB was inhibited by

paraquat and dramatically reduced by glufosinate (Table
3.3).

Sclerotia production by IA was reduced by

pendimethalin, alachlor, and glufosinate at 0.5X rate and
pendimethalin at 2X rate.

Sclerotia production by IB was

Table 3.3. Sclerotia production by Rhizoctonia solani AG-1 IA and IB on herbicideamended PDA.
Sclerotia production by IA
Contrast

Rate*
Herbicide

0.5X

IX

Sclerotia production by IB

2X

Linear

Quadratic

g

untreated

0.10

0.09

0.09

pendimethalin

0.05

0 .08

0.01

alachlor
acifluorfen
paraquat

0.06
0.09
0

0.07
0.08
0
0

0.09
0.07
0
0

glufosinate

0.01

glyphosate

0.10

0.06

0.09

LSD (P < 0.05)c

0.04

ns

0.04

0.5X

IX

---

mg

0.07

0.06

0.06

0.06

0.07

1.45
nsb

0.26
ns

0.05

P <
F =
p 5.

0.87
ns

0
ns

0.04

F =
P 1

0.47
ns

0.12
ns

0.09

F =

Contrast

Rate

Linear

2X

0.15
ns

0.04
ns

P <

0.83
ns

0.29
ns

F =
P <

2.66
ns

3.18
ns

F =
P 1

F ■=

_

-

_
-

0

p <
F =
P <

1.14
ns

0.86
ns

0

F =
P <

0.01
ns

2.46
ns

0.05
0.04
0
0

0.03
0.05
0

Quadratic

F «=

F =
P <

_

_

-

-

0.01

F =
P <

0.95
ns

0.59
ns

F ■=
p £

0
ns

1.95
ns

0.04

0.02

0.04

ns

0.03

0.04

*The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and glyphosate corresponds to 0.84,
2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
bns >= not significant at P < 0.05.
'Fisher's protected least significant difference (P < 0.05).
<Tl
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reduced only by glyphosate at IX and by glufosinate at 2X
(Table 3.3).
Sclerotia production by IA and IB was generally affected
equally by the herbicides tested (Table 3.4).

The

exceptions to this showed that IB was more susceptible than
IA to the 2X rate of pendimethalin and the IX rate of
glyphosate.

Differences between IA and IB with respect to

sclerotia development and morphology were identified by
Yang et al. (3.32).

Results from our study show further

that these fungi differ in ability to produce sclerotia in
response to selected herbicides.

Unfortunately, factors

involved in initiation of sclerotia by R. solani have not
been determined, therefore we are unable to speculate on
mechanisms of action for herbicides on sclerotia
development.
Prior to 1985, only R. solani AG-1 IA had been reported
as causing RFB of soybean in Louisiana (3.14).

Yang et al.

(3.30) reported that R. solani AG-1 IB had become more
prevalent in the previous ten years.

They indicated that

cultural practices such as cultivar selection, row spacing,
and plant density may have encouraged this shift in
occurrence.

Our results indicate that herbicide selection

may also be a factor in the change in occurrence of these
two pathogens.
Field Studies.

Sclerotia and RFB symptoms were evident on

soybean seedlings (VI) in both studies, regardless of PRE

Table 3.4. Differential response in sclerotia production by
Rhizoctonia solani AG-l IA and IB on herbicide-amended PDA.
Sclerotia production
0.5X
Herbicide

IA

IB

46

alachlor
F =
P <°

56

acifluorfen
F *=
P <c

85

59

8

0

0

0

30

64

0

0

61

0
-

3

71
0.52
ns

0

0

0.11
ns
0.76
ns

75

0.24
ns
0

44

86
0.83
ns

59

78

-

105

72

72

99
4.23
*

0.19
ns
145

IB

112

0.15
ns

1.54
ns

glufosinate
F ■=
P <c

78

74

0.62
ns

0

IA

of untreated1”

0.87
ns

paraquat
F ■»
P <e

glyphosate
F P <°

87

IB

IA
%

pendimethalin
F ■=
P <c

2X

XX

4.60
★

95

56
1.15
ns

‘The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and
glyphosate correspond to 0.84, 2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
‘’Value expressed as percent (%) of non-amended control.
°ns «= not significant at P < 0.05, * = significance at P < 0.05.

herbicide treatment.

Disease development progressed slowly

until R 3, 93 days after planting (DAP)1 for both studies.
Disease severity was substantially greater in study 2, as
expressed by greater AUDPC (Table 3.5).

This may be

attributed to differences in drainage and disease history
between sites.

Differences in disease severity based on

herbicide treatments became evident following POST
herbicide applications made 33 and 30 DAP in studies 1 and
2, respectively.

In study 1, where disease severity was

low, single degree-of-freedom contrasts showed AUDPC
following POST applications was much greater in plots in
which alachlor was applied compared with plots in which
alachlor was not applied.

In contrast, when pendimethalin,

paraquat, or acifluorfen was applied, disease severity was
reduced compared with plots in which these herbicides were
not applied (Table 3.5).
In study 2, where disease severity was greater, AUDPC
was reduced only in plots in which paraquat was applied
(Table 3.5).

These results indicate that differences

associated with RFB severity following application of
alachlor, pendimethalin, or acifluorfen under conditions of
low disease pressure were overcome when disease pressure
was greater.

Results from the present studies demonstrate

that paraquat applied POST directed to the base of soybean
plants can also reduce RFB disease severity under field
situations when disease pressure is high.

The detrimental

Table 3.5. Single degree-of-freedom contrasts for effects of selected
herbicides on AUDPC for Rhizoctonia foliar blight and soybean yield.
AUDPC
Herbicide*
alachlor
vs
no alachlor

Soybean yield

Study 1
(low disease)

Study 2
(high disease)

140

422

vs .
ns

352

1020

vs.
ns

972

899

353

vs .
ns

321

899

vs.

815

1044

vs. 923
★**

vs .
*

368

vs.
***

923

1020

VS.

vs .
ns

348

vs.

777

pendimethalin
vs
no pendimethalin

53

paraquat
vs
no paraquat

57

acifluorfen
vs
no acifluorfen

54

vs . 64
****b
vs .
***

94

vs.
*

84

vs.
■**

82

286

319

Study 1
(low disease)

Study 2
(high disease)

if

704

947

ic ii

vs .
ns

826

972

ns
972

vs.
ns

1102

‘alachlor applied PRE at 2.4 kg ai/ha; pendimethalin applied PRE at 0.84 kg ai/ha; paraquat
applied POST directed at 0.56 kg ai/ha; acifluorfen applied POST overtop at 0.68 kg ai/ha.
‘ns «= not significant, * = significance at P < 0.05, ** «= significance at P < 0.01, *** *=
significance at P < 0.001, **** «= significance at P < 0.0001.

effect of paraquat on mycelial growth and sclerotia
production in laboratory studies suggests that paraquat may
act to reduce RFB by direct antagonism of the pathogen.
Also, reductions in disease severity following herbicide
treatment may be related to changes in morphology or
physiology of host plant in response to herbicides (3.2).
In other studies, glyphosate applied POST prior to planting
of soybean reduced incidence of red crown rot caused by
Calonectria crotalariae (3.6).

Incorporation of the

herbicides 2,4-D [(2,4-dichlorophenoxy)acetic acid] and
diuron [N' - (3,4-dichlorophenyl) -2y,W-dimethylurea] into soil
reduced the viability of propagules of Mucor piriformis A.
Fischer, Botrytis cinerea Pers.: Fr., and Penicillium
expansum Link (3.18).
Soybean yield was greater following application of
pendimethalin in both studies (Table 3.5).

That these

increases were observed during either low or high disease
pressure suggests that this response is not related to
effects on RFB (Table 3.5).

Paraquat reduced soybean yield

in study 1, but not in study 2.

This probably resulted

from excessive injury to the lower leaves of soybean
following POST directed applications of paraquat in study
1.

Application of paraquat POST directed using low

pressure is an acceptable treatment for weed control in
soybeans at least 20 cm in height (3.3), but injury to
soybean can occur if paraquat application is not limited to
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the base of the plant.

Soybean plants in study 1 were at

least 20 cm in height, but this was still 10 cm shorter
than plants in study 2.

Soybean yield in study 1 was

greater following application of acifluorfen than when
acifluorfen was not applied.

Application of alachlor did

not affect soybean yield in either study.
Ben-Yephet et al. (3.5) defined the ability of
herbicides to reduce disease development as dependant on
specific combination of herbicide, host, pathogen, and soil
microorganisms present.

Environmental conditions such as

moisture and increased temperatures which favor RFB
development are also favorable for the degradation of most
herbicides (3.24).

Reduction of mycelial growth of R.

solani AG-1 IA and IB in culture by acifluorfen and
paraquat and lower AUDPC in the field indicate that a
direct effect on these pathogens may occur when herbicides
are applied to diseased plants in the field.

The ability

of paraquat to reduce RFB disease severity across studies
indicates a strong inhibitory effect of this herbicide on
these pathogens.

Results from these studies highlight the

ability of herbicides used as a control measure for weed
pests to adversely affect the pathogens causing RFB as
well.

The herbicides used in these studies were limited to

only a few chemical classes.

Additional research should

include herbicides from other chemical classes and focus on
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the specific mechanism(s) of action by which these
herbicides inhibit these fungi.

Literature cited
3.1

Altman, J. 1969.Predisposition of sugarbeets to
Rhizoctonia solani damping-off with herbicides.
Phytopathology 59:1015.

3.2

Altman, J. and A. D. Rovira. 1989. Herbicidepathogen interactions in soil-borne root diseases.
Can. J. Plant Pathol. 11:166-172.

3.3

Anonymous.
1994. Louisiana's chemical weed control
guide. Louisiana Coop. Ext. Serv., Baton Rouge. Pub.
1565 (3M) 159 p.

3.4

Atkins, J. G., Jr. and W. D. Lewis. 1954.
Rhizoctonia aerial blight of soybean in Louisiana.
Phytopathology 44:215-218.

3.5

Ben-Yephet, Y., S. Mhameed, and Z. R. Frank. 1991.
Effect of the herbicide ethalfluralin on net blotch
disease of peanut pods. Plant Dis. 75:1123-1126.

3.6

Berner, D. K., G. T. Berggren, Jr., and J. P. Snow.
1991. Effect of glyphosate on Calonectria crotalariae
and red crown rot of soybean. Plant Dis. 75:809-813.

3.7

Black, B. D., J. L. Griffin, J. S. Russin, and J. P.
Snow. 1994. Weeds as transfer hosts for Rhizoctonia
solani AG-1, the causal agent for aerial blight of
soybean. Proc. Weed Sci. Soc. Amer. 34:7.

3.8

Bowman, J. E. and J. B. Sinclair. 1989. Effect of
herbicides on Rhizoctonia seedling disease of soybean
in glasshouse experiments. J. Phytopathol.
124:267274.

3.9

Bowman, J. E., J. B. Sinclair, and L. M. Wax. 1981.
Interaction of preplant-incorporated herbicides with
Rhizoctonia seedling disease of soybean.
Phytopathology 71:1115.

3.10 Chandler, J. M. and P. W. Santelmann.
1968.
Interactions of four herbicides with Rhizoctonia
solani on seedling cotton. Weed Sci. 16:453-456.

68
3.11 Fehr, W. R., C. E. Caviness, D. T. Burmood, and J. D.
Pennington. 1971. Stages of development descriptions
for soybeans, Glycine max (L.) Merr. Crop Sci. 11:2526.
3.12 Galindo, J. J., G. S. Abawi, H. D. Thurston, and G. E.
Galvez. 1982. Source of inoculum and development of
web-blight of beans in Costa Rica. Phytopathology
72:170.
3.13 Hepperly, P. R., J. S. Mignucci, and R. S. Smith.
1982. Rhizoctonia web blight on soybean in Puerto
Rica. Phytopathology 72:170.
3.14 Joye, G. F. 1986. Management of Rhizoctonia aerial
blight of soybean and biology of sclerotia of
Rhizoctonia solani Kuhn. Ph.D. thesis. Louisiana
State University, Baton Rouge. 91 p.
3.15 Joye, G. F., G. T. Berggren, Jr., and D. K. Berner.
1990. Effect of row spacing and within-row plant
population of Rhizoctonia aerial blight of soybean and
soybean yield. Plant Dis. 74:158-160.
3.16 Kousik, C. S., J. P. Snow, and R. A. Valverde.
1994.
Comparison of double-stranded RNA components and
virulence among isolates of Rhizoctonia solani AG-1 IA
and AG-1 IB. Phytopathology 84:44-49.
3.17 Leach, S. S., C. W. Murdoch, and C. Gordon.
1991.
Response of selected soilborne fungi and bacteria to
herbicides utilized in potato crop management systems
in Maine. Amer. Potato J. 68:269-278.
3.18 Michailides, T. J. and R. A. Spotts. 1991. Effects
of certain herbicides on the fate of sporangiospores
of Mucor piriformis and conidia of Botrytis cinerea
and Penicillium expansum. Pestic. Sci. 33:11-22.
3.19 Muyolo, N. G., P. E. Lipps, and A. F. Schmitthenner.
1993. Anastomosis grouping and variation in virulence
among isolates of Rhizoctonia solani associated with
dry bean and soybean in Ohio and Ziare.
Phytopathology 83:438-444.
3.20 Neubauer, R. and Z. Avizohar-Hershenson.
1973.
Effects of the herbicide, trifluralin, on Rhizoctonia
disease in cotton. Phytopathology 63:651-652.
3.21 O'Neill, N. R., M. C. Rush, N. L. Horn, and R. B.
Carver. 1977. Aerial blight of soybean caused by
Rhizoctonia solani. Plant Dis. Rept. 61:713-717.

69
3.22 Pinckard, J. A. and L. C. Standifer. 1966. An
apparent interaction between cotton herbicidal injury
and seedling blight. Plant Dis. Rept. 50:172-174.
3.23 Rodriguez-Kabana, R., E. A. Curl, and H. H.
Funderburk, Jr. 1966. Effect of four herbicides on
growth of Rhizoctonia solani. Phytopathology 56:13321333.
3.24 Ross A. M. and C. A. Lexnbi. 1985. Applied weed
science. Macmillan Publishing Co., 340 p.
3.25 SAS Institute.
1988. SAS/STAT user's guide, release
6.03 edition. SAS Institute, Cary, NC. 1028 p.3.25
3.26 Shaner, G. and R. E. Finney. 1977. The effect of
nitrogen fertilization on the expression of slowmildewing resistance in Knox wheat. Phytopathology
67:1051-1056.
3.27 Smith, N. R., V. T. Dawson, and M. E. Wenzel.
1945.
The effect of certain herbicides on soil
microorganisms. Proc. Soil Sci. Soc. Amer. 10:197201.

3.28 Verma, P. R. and D. L. McKenzie. 1963. In vitro
effects of herbicides on mycelial growth of AG2-1 and
AG-4 Rhizoctonia solani isolates from canola/rapeseed.
Phytopathology 75:1363.
3.29 Yang, X. B., G. T. Berggren, Jr., and J. P. Snow.
1988. Seedling infection of soybean by Rhizoctonia
solani AG-l, causal agent to aerial blight. Plant
Dis. 72:644.
3.3 0 Yang, X. B., G. T. Berggren, Jr., and J. P. Snow.
1990. Types of Rhizoctonia foliar blight on soybean
in Louisiana. Plant Dis. 74:501-504.
3.31 Yang, X. B., J. P. Snow, and G. T. Berggren, Jr.
1988. Survey of reproductive forms of Rhizoctonia
solani on soybean in Louisiana. Plant Dis. 72:644.
3.32 Yang, X. B., J. P. Snow, and G. T. Berggren, Jr.
1989. Morphogenesis of microsclerotia and sasakiitype sclerotia in Rhizoctonia solani, anastomosis
group 1, intraspecific group IA and IB. Mycol. Res.
93:429-434.

.33 Yang, X. B., J. P. Snow, and G. T. Berggren, Jr.
1990. Analysis of epidemics of Rhizoctonia aerial
blight of soybean in Louisiana. Phytopathology
80:386-392.

CHAPTER IV
WEEDS AS HOSTS FOR Rhizoctonia. solani AG-1, CAUSAL AGENT
FOR RHIZOCTONIA FOLIAR BLIGHT OF SOYBEAN (Glycine max)

INTRODUCTION
Rhizoctonia foliar blight (RFB)5, caused by Rhizoctonia
solani Kuhn, is a destructive disease of soybean in
Louisiana and other states in the southern United States
(4.22).

Atkins and Lewis (4.1) first described R .

microsclerotia Matz, which produced microsclerotia on
diseased tissue, as the causal agent for Rhizoctonia aerial
blight of soybean.

This pathogen currently is included in

anastomosis group 1 (AG-1) of R. solani (4.20).

O'Neill et

al. (4.22) later described the causal agent of Rhizoctonia
aerial blight as producing larger sasakii-type sclerotia on
diseased tissue.

Currently, two intraspecific groups of R.

solani AG-1 comprise the Rhizoctonia foliar blight complex:
IA, which causes aerial blight and IB, which causes web
blight of soybean (4.14, 4.33).

The frequency of

anastomosis between AG-1 IA and IB in the field is
speculated to be low based on genetic components (4.15).
This lends further support to the belief that IA and IB are
two distinct pathogens (4.15).

Both intraspecific groups

vary in pathogenicity on a broad range of hosts, but
Abbreviations:

PDA, potato dextrose agar; DAP, days

after planting; WA, water agar.
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exhibit similar symptoms on many species (4.20).

These

intraspecific groups are most commonly associated with
species in Fabaceae and Poaceae (4.28), but have been
identified as pathogens on a wide range of plant families
(4.7, 4.11, 4.25).

Both AG-1 IA and IB can vary in

frequency of occurrence in the same soybean field at
different dates throughout the growing season (4.33).
Differences in propagule survival (4.4), cultural practices
(4.21), and favorable environmental conditions for
development (4.33) have been proposed as reasons for this
variability.
Sclerotia and mycelia present in soil on organic debris
are believed to be the primary sources of inoculum for both
IA and IB (4.8).

Both groups may infect soybean prior to

emergence, causing seed rot (4.19, 4.31).

Rhizoctonia

foliar blight generally develops in two phases.

The

initial or vertical phase occurs following seedling
infection, when the mycelium progresses up the foliage as
the soybean plant grows (4.22, 4.32).

The secondary phase

develops following canopy closure when the fungus moves
vertically and horizontally through the canopy by mycelial
growth on overlapping adjacent leaves (4.30).

As the

fungus moves through the canopy, mycelium on the leaf
surface advances ahead of lesion margins (4.22).

Adequate

free moisture (4.2, 4.30) and leaf contact (4.14) are
essential for development of Rhizoctonia foliar blight.

R.
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solani AG-1 IA and IB both produce sclerotia abundantly on
diseased tissue, but IB produces microsclerotia which
allows a significant airborne phase (4.8, 4.29).

In

contrast, the larger sasakii-type sclerotia (1 to 6 mmdiameter) of IA generally do not become airborne (4.13).
The impact of weed competition on soybean yield has been
well documented (4.3, 4.16, 4.17).

Weeds directly reduce

soybean yield through competition for light, nutrients, and
moisture (4.18).

Weeds have also been identified as hosts

for a variety of soybean pathogens including Phomopsis sp.
(4.5), Colletotrichum truncatum (4.9), Fusarium oxysporum
(4.10), and Heterodera glycines (4.26).

As hosts for

pathogens, weeds contribute to increased inoculum levels,
allow carryover of pathogens in crop rotation, and provide
a base for pathogenic variation (4.9).

Fusarium oxysporum

isolated from soybean roots and stems can colonize many
weed species, and in some cases can show increased
pathogenicity when reinoculated to soybean (4.10).
Several studies identified weed species as hosts for R.
solani AG-1, prior to the establishment of intraspecific
groups IA and IB as the causal pathogens for Rhizoctonia
foliar blight (4.1, 4.22, 4.23, 4.27).

Because both AG-1

IA and IB can be present in a soybean field simultaneously,
it is important to understand factors related to their
variance in frequency.

Objectives were to identify weed

species prevalent in the soybean producing regions of
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Louisiana that are hosts for JR. solani AG-1 IA and IB, and
examine the ability of R. solani AG-1 IA and IB to spread
from infected weeds to adjacent noninfected soybean plants
through foliar contact.

Additionally, R. solani AG-1

collected from soybean plants in several parishes
throughout south Louisiana were evaluated for differences
in weed host range.

MATERIALS AND METHODS
Host study.

Fourteen species of weeds common to Louisiana

soybean fields were evaluated as hosts for R. solani AG-1
IA and IB.

These were: barnyardgrass (Echinochloa crus-

galli (L.) Beauv.), broadleaf signalgrass (Brachiaria
platyphylla (Griseb.) Nash), itchgrass (Rottboellia
cochinchinensis (Lour.) W. D. Clayton), johnsongrass
(Sorghum halepense (L.) Pers.), large crabgrass (Digitaria
sanguinalis (L.) Scop.), purple nutsedge (Cyperus rotundus
L.), common cocklebur (Xanthium strumarium L.), entireleaf
morningglory (Ipomoea hederacea var. integriuscula Gray),
hemp sesbania (Sesbania exaltata (Raf.) Rydb. ex A. W.
Hill, northern jointvetch (Aeschynomene virginica (L.) B.
S. P.), prickly sida (Sida spinosa L.), redweed (Melochia
corchorifolia L.), sicklepod (Senna obtusifolia (L.) Irwin
and Barneby), and smooth pigweed (Amaranthus hybridus L.).
Studies were established according to a split-plot
experimental design, with R. solani AG-1 IA or AG-1 IB as
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whole plots and weed species as sub plots.
replicated four times.

Treatments were

Weeds were planted in the

greenhouse in 15-cm-diam pots containing a commercial
potting mixture6 on January 15, 1993 in study 1 and January
24, 1994 in study 2.

Temperature was maintained at 24 to

30 C and supplemental lighting (incandescent and
fluorescent)

(14:10 L:D) was provided for the duration of

the experiment.
Rhizoctonia solani isolates BHIA-10 (AG-1 IA)and BHMS-1
(AG-1 IB) were used.

Isolates were grown on potato

dextrose agar (PDA)1,7 at 30 C in darkness.

Inoculum

suspensions were prepared separately by combining 5-d-old
colonies of each isolate on PDA in a blender with 1 L of
sterile water for 30 s.

Inoculum concentrations were

determined using a hemocytometer to be 421,250 to 618,750
and 372,500 to 485,000 mycelial fragments/ml distilled
water in the first and second studies, respectively.
Inoculum of IA or IB was sprayed directly onto the leaves
of seedling weed species using a compressed air sprayer 49
and 52 DAP1 in study 1 and 56 and 59 DAP in study 2.
Following inoculations, plants were maintained on
greenhouse benches under tents of polyethylene supported
1.3 m above.

An overhead misting system was installed

6Jiffy Mix, Jiffy Products of America Inc., Batavia,
111. 60510.
7PDA, Difco Laboratories, Detroit, MI.
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under tents to provide free water on plant surfaces, which
is optimal for growth of these pathogens (4.2).
provided 15 s of mist every 5 min.

Timers

In the first study,

Baumac ULV Fog Nozzles8 were used in the overhead mist
system.

These were replaced in the second study with Ray

Jet Mist Nozzles9, which provided a smaller droplet size
and more complete coverage.

Plants were monitored weekly

for symptoms.
Identification of overwintering structures and isolation
of R . solani was performed on mature plants 73 and 68 d
after the second inoculation in the first and second study,
respectively.

Sclerotia and microsclerotia were collected,

if present, and several leaf and stem samples (3 mm X 3 mm)
from margins of lesions were collected from each plant.
Tissue samples were surface-disinfected in 0.5% NaOCl for
30 s, rinsed in sterile water for 30 s, blotted dry on
sterile filter paper, and placed on PDA and 2% water agar
(WA)1,10.

Data were expressed both as the number of plants

bearing sclerotia or microsclerotia and as the number of
plants from which R. solani mycelia were isolated.
8Baumac ULV Fog Nozzle, Hummert International, St.
Louis, MO.
9Ray-Jet Mist Nozzle, Hummert International, St. Louis,
MO.
10WA, Matheson Coleman & Bell Manufacturing Chemists,
Norwood, Ohio.

Transfer study.

Seven weed species identified in the

previous studies as hosts for R. solani AG-1 were evaluated
to determine if R. solani AG-1 can spread from infected
weed plants to noninfected soybean plants through leaf
contact.

'Davis' soybean (maturity group VI) and weed

species were planted in 12.5-cm-diameter pots containing
commercial potting mixture2 on January 15, 1993 and January
24, 1994 in the greenhouse at Baton Rouge, LA.

Weed

species were hemp sesbania, barnyardgrass, broadleaf
signalgrass, large crabgrass, prickly sida, entireleaf
morningglory, and purple nutsedge.

Studies were

established using a randomized complete block design with
five replications of each treatment.

Experimental units

consisted of one soybean plant and two plants of the same
weed species in pots directly adjacent to the soybean
plant.

Temperature was maintained at 24 to 3 0 C and

supplemental lighting (incandescent and fluorescent)

(14:10

L:D) was provided for the duration of the experiment.
Weed seed were germinated separately from soybean seed
and plants were inoculated as described previously with a
50:50 mixture of R. solani AG-l-IA and IB.

Inoculum

concentrations were determined using a hemocytometer to be
421,250 to 618,750 and 372,500 to 485,000 mycelial
fragments/ml distilled water in the first and second
studies, respectively.

Inoculum of the IA:IB mixture was

sprayed directly onto the leaves of seedling weed species
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using a compressed air sprayer 49 and 52 DAP in study 1 and
56 and 59 DAP in study 2.

Immediately following

inoculation, weeds were placed under polyethylene tents on
greenhouse benches and misted as described previously.
Plants were monitored weekly for symptoms.
Seven days following the second inoculation of weed
seedlings, a pot containing a noninoculated soybean plant
at the V3 (4.6) growth stage was placed directly adjacent
to two pots containing inoculated weeds of the same
species.

Treatments were arranged so that weed leaves were

in direct contact with soybean leaves for 67 and 62 days in
study 1 and study 2, respectively.

Spread of R. solani

from inoculated weed plants to soybean plants was
determined by isolating R. solani from soybean tissue and
by the presence of sclerotia or microsclerotia from soybean
plants as described previously.

Isolation of R . solani AG-

1 and the presence of sclerotia or microsclerotia on weed
species was also determined.

Data were expressed as the

number of plants bearing sclerotia and the number of plants
from which R. solani was isolated.
Isolate study.

Foliage was collected from soybean

exhibiting RFB symptoms at four locations in south
Louisiana.

Collections were made at Louisiana State

University Agricultural Center Ben Hur Research Farm near
Baton Rouge (East Baton Rouge Parish), Louisiana State
University Agricultural Center Rice Research Station at
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Crowley (Acadia Parish), Youngsville (Lafayette Parish),
and the Louisiana State University Agricultural Center
Iberia Research Station near Jeanerette (Iberia Parish).
Tissue samples were surface-disinfected in 0.5% NaOCl for
30 s, rinsed in sterile water for 30 sec, blotted dry on
sterile filter paper, and placed on PDA and 2% WA.

All

cultures from each location matched the description of R.
solani AG-1 IA (= Sherwood's type 2) (4.24) and were
characterized by the production of sasakii-type sclerotia
on diseased tissue.
Weed seeds were planted November 7, 1994 at Baton Rouge,
La. in the greenhouse in 15-cm-diam pots containing
commercial potting mixture.

The study was established as a

split plot design with four isolates of R. solani AG-1 as
whole-plots and weed species as sub-plots.
replicated four times.

Treatments were

Weed species identified as hosts

for R. solani AG-1 from previous studies were used and
included large crabgrass, itchgrass, prickly sida, northern
jointvetch, and entireleaf morningglory.

Temperature

ranged from 24 to 30 C and supplemental lighting
(incandescent and fluorescent)

(14:10 L:D) was provided for

the duration of the experiment.

This study was conducted

once.
Isolates from each location were grown on PDA at 30 C in
darkness.

Inoculum suspensions were prepared separately by

combining 5-d-old colonies of each isolate on PDA in a
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blender with 1 L of distilled water for 30 s.

Inoculum of

each isolate was applied directly to the leaves of weed
seedlings 29 and 32 DAP as described in previous studies.
Inoculum concentrations were adjusted using a hemocytometer
to be 547,500 to 895,000 mycelial fragments/ml distilled
water.

Immediately following inoculation, weeds were

placed under polyethylene tents on greenhouse benches and
misted as described in the previous study.

Ray-Jet Mist

Nozzles were used in the overhead misting system for this
study.

Weed host range for each isolate was based on weed

species bearing sclerotia and isolation of R. solani from
diseased tissue 29 d after the second inoculation as
described previously.

Data were expressed as the number of

plants bearing sclerotia and the number of plants from
which R. solani was isolated.

RESULTS AND DISCUSSION
Host study.

Sclerotia of R. solani AG-1 IA were recovered

from plants of all weed species tested in study 1 except
smooth pigweed (Table 4.1).

Mycelium of IA was recovered

from surface-sterilized tissue of all weeds except smooth
pigweed and redweed.

In contrast, sclerotia and mycelia of

IA were recovered from all inoculated weed species,
including smooth pigweed and redweed in study 2.

However,

recovery of IA from redweed was still lower than for the
other species.

Results differed somewhat for R . solani

Table 4.1. Recovery of R. solani AG-1 IA and IB from inoculated weeds as sclerotia or
microsclerotia from plant surfaces or as mycelia from within plant tissues.
Study 1

Study 2

IA
Sclerotia

IB
Mycelia

Microsclerotia

IA
Mycelia

Sclerotia

IB
Mycelia

Microsclerotia

Mycelia

4

4 / 4

3 / 4

2 / 4

Johnsongrass

3 / 4*

2

/

4

1 / 4

1

Sicklepod

2

2

/

4

0 / 4

0 / 4

4 / 4

4 / 4

2 / 4

4 / 4

Hemp sesbania

2 / 4

2 / 4

2 / 4

1 / 4

4 / 4

4 / 4

3 / 4

3 / 4

Barnyardgrass

2 / 4

1 / 4

0 / 4

0 / 4

4 / 4

4

/

4

3

/

4

4

I

4

Broadleaf signalgrass

4

3

2

4

4

/

4

2

/

4

3

/

4

barge crabgrass

3 / 4

2 / 4

0 / 4

0 i 4

4 / 4

4 / 4

4 / 4

3 / 4

Itchgrass

4 / 4

3 / 4

1 / 4

0 / 4

4 / 4

4 / 4

2 / 3

3 / 3

Smooth pigweed

0 / 4

0 / 4

1 / 4

1 / 4

4 / 4

4 / 4

3 / 4

4 / 4

Prickly sida

4 / 4

4

/

4

3 / 4

2 / 4

4 / 4

4 / 4

4 / 4

3 / 4

Common Cocklebur

3 / 4

3

/

4

3

/

4

2

I

4

4

4

4

/

4

4

/

4

4

/

4

northern jointvetch

2

/

4

3

/

4

1

/

4

1

/

4

4 / 4

4

/

4

4

/

4

4

/

4

Entireleaf morningglory

4

/

4

3

/

4

4

/

4

3

/

4

4

4

4 / 4

4 / 4

2 / 4

Redweed

2 / 4

0 / 4

1 / 4

1 / 4

1 / 4

3 / 4

4 / 4

4 / 4

Purple nutsedge

3 / 4

1 / 4

1 / 4

0

4

4

3

/

/

4

4

/

4

/

4

2

/

/

/

4

4

4

4

/

/

/

/

/

4

4

/

4

/

4

4

/

4

•numerator = number of plants supporting R. solani and denominator - number of plants observed.
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AG-1 IB.

In study 1, neither microsclerotia nor mycelia

were recovered from sicklepod, barnyardgrass, and large
crabgrass, and only microsclerotia were recovered from
itchgrass and purple nutsedge for the IB isolate.

In study

2, however, microsclerotia and mycelia of IB were recovered
from all inoculated weed species.

Across weed species for

both studies, sclerotia and mycelia of IA were recovered
from 80% (89/112) and 75% (84/112), respectively, of the
plants inoculated.

Microsclerotia and mycelia of IB were

recovered less frequently, i.e., from 59% (65/111) and 55%
(61/111), respectively, of the inoculated plants.
Previous research identified bermudagrass (Cynodon
dactylon (L.) Pers), goosegrass (Eleusine indica (L.)
Gaertn.), alligatorweed (Atlernanthera philoxeroides
(Mart.) Griseb.), and Carolina geranium (Geranium
carolinianum L.) as hosts for R. solani AG-1 (4.27).
However, these results were published prior to the
identification of intraspecific groups of R. solani AG-1 as
the causal agents for Rhizoctonia foliar blight.
Therefore, whether these weed species are hosts for IA, IB,
or both is not known.
Overwintering structures and mycelia of both IA and IB
were recovered more frequently in the second study.
Isolate IA was recovered from 96% (108/112) of inoculated
plants in study 2 but from only 49% (55/112) of plants in
study 1.

Similarly, IB was recovered from more (84%,

92/110) plants in study 2 than in study 1 (30%, 34/112).
The differences between studies may be attributed to the
nozzle type used in the overhead mist system.

Ikeno (4.12)

reported that free moisture is essential for infection of
soybean leaves by R. solani.

Yang et al. (4.30) reported

that free moisture is essential for the focus expansion of
R. solani in the soybean canopy, and viability of mycelium
may be reduced as periods of free moisture are reduced.
Nozzles in study 2 applied a fine, even mist with small
droplet size that provided more uniform coverage of weeds
on greenhouse benches and more closely approximated a heavy
dew than did nozzles in study 1, which applied mist in
larger droplets that tended to run off leaves.
Transfer study.

Rhizoctonia solani AG-1 was recovered from

soybean plants growing in contact with all inoculated weed
species except barnyardgrass in study 1 (Table 4.2).

In

study 2, however, R. solani was recovered from all
inoculated weed plants and all soybean plants growing
adjacent to these weeds, including barnyardgrass.

The

difference between studies in recovery of R. solani from
soybean plants growing in contact with infected
barnyardgrass may be explained by differences in the
overhead misting system.
O'Neill et al. (4.22) showed that R . solani AG-1 spreads
through the soybean canopy by mycelial growth from infected
to adjacent healthy leaves (4.22).

Results from the

Table 4.2. Recovery of R . solani AG-1 from weeds and soybean placed
adjacent to weeds as sclerotia or microsclerotia from plant surfaces
or as mycelia from within plant tissues.
Study 1
Weed

Soybean

Study 2
Weed

Soybean

Hemp sesbania

3 / 5a

3 / 5

5 / 5

5 / 5

Barnyardgrass

3 / 5

0 / 5

5 / 5

5 / 5

Broadleaf signalgrass

4 / 5

2 / 5

5 / 5

5 / 5

Large crabgrass

5 / 5

4 / 5

5 / 5

5 / 5

Prickly sida

5 / 5

5 / 5

5 / 5

5 / 5

Entireleaf morningglory

5 / 5

5 / 5

5 / 5

5 / 5

Purple nutsedge

3 / 5

3 / 5

5 / 5

5 / 5

anumerator = number of plants supporting overwintering structures
(sclerotia and microsclerotia) and mycelium from plant tissue,
denominator = number of plants observed.

present studies show that

the causal fungi forRFB can

utilize weeds to bridge between soybean plants and thus
facilitate growth through

the soybean canopy. Previous

studies of weeds as hosts

for R. solani AG-1 only

considered weeds as reservoirs for pathogen survival (4.22,
4.27).

The present studies, however, emphasize the direct

impact that infected weed hosts can have on RFB
epidemiology.
Isolate study.

Mycelium of all isolates of R. solani was

recovered from the five weed species evaluated (Table 4.3).
Sclerotia matching the description of R. solani AG-1 IA (=
Sherwood's type 2) (4.24) were recovered from all weed
species except northern jointvetch (Table 3).

Results from

the host study (Table 1) indicated that both IA and IB
produce sclerotia and microsclerotia, respectively, on
northern jointvetch (Table 1).

The absence of sclerotia on

northern jointvetch in this study may be related to the
incubation period.

The host studies were incubated 68 d

whereas the present study was incubated only 29 d following
the second inoculation.

The fact that JR. solani was

isolated from tissue of northern jointvetch is evidence
that it can serve as a host for the pathogen, however,
greater time may be necessary for the development of
overwintering structures.
These studies identified 14 weed species that are hosts
for JR. solani AG-1 IA and IB.

The ability of weed species

Table 4.3. Recovery of four isolates R. solani AG-1 IA from selected weeds as
sclerotia from plant surfaces or as mycelia from within plant tissues.
Rhizoctonia solani AG-1 isolates

Baton Rouge*

Crowley

Youngsville

Jeanerette

Sclerotia

Mycelia

Sclerotia

Mycelia

Sclerotia

Mycelia

Sclerotia

Mycelia

Large crabgrass

4 / 4b

3 / 4

3 / 4

3 / 4

3 / 4

4 / 4

2 / 4

4 / 4

Itchgrass

4 / 4

4 / 4

1 / 4

3 / 4

4 / 4

4 / 4

1 / 4

4 / 4

Prickly sida

4 / 4

3 / 4

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

Northern jointvetch

0 / 4

3 / 4

0 / 4

4 / 4

0 / 4

4 / 4

0 / 4

4 / 4

Entireleaf morningglory

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

4 / 4

*Baton Rouge = Ben Hur Research Farm, Baton Rouge, LA (East Baton Rouge Parish); Crowley *= Rice Research Station,
Crowley, LA (Acadia Parish); Youngsville = Youngsville, LA (Lafayette Parish); Jeanerette *= Iberia Research
Station,Jeanerette, LA (Iberia Parish).
fcnumerator *= number of plants supporting R. solani and denominator = number of plants observed.
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to serve as hosts for the fungi in the absence of soybean
may explain why epidemics can occur in fields where
soybeans have not previously been grown.

Hartman et al.

(4.9) showed that weeds contribute to increased inoculum
levels, allow carryover of pathogens in crop rotation, and
provide a base for pathogenic variation.

Joye et al.

(4.14) concluded that increased row spacing in soybean
reduced the severity of Rhizoctonia foliar blight by
promoting air movement through the soybean canopy.

Yang et

al. (4.34) reported that expansion of RFB foci increased
following canopy closure.

Heavy infestations of weeds may

impact RFB development by increasing total plant density
and reducing air movement within the soybean canopy as well
as serving as bridge hosts for the pathogens involved.

The

role of weeds as hosts for the pathogens involved in the
RFB complex may play an important role in disease
epidemiology by providing another means of spread through
the canopy other than soybean to soybean contact.

These

studies emphasize the importance of weed control, not only
for reducing plant competition and increasing yield but
also for the potential impact for development of RFB.
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CHAPTER V
SUMMARY

Results reported herein are from field, greenhouse, and
laboratory studies related to the interactions of weed
species, herbicides, and Rhizoctonia foliar blight (RFB),
caused by R. solani Kuhn anastomosis group 1 (AG-1)
intraspecific groups A and B (IA and IB), in soybean.
In 1993 and 1994, soybean foliage in plots inoculated
with R. solani was reduced, allowing more light, expressed
as photosynthetically active radiation (PAR), to penetrate
the canopy.

In 1993, increased weed density did not

negatively affect PAR in noninoculated plots, but increased
PAR in plots inoculated with R. solani.

This indicates

that when the soybean canopy was reduced by RFB, which
allowed more light penetration, weeds compensated for this
canopy reduction by producing more foliage.

In 1994, PAR

in noninoculated plots infested with hemp sesbania and
johnsongrass at low density did not differ from that
observed when weeds were absent.

However, in plots

inoculated with R. solani, low density of hemp sesbania and
johnsongrass reduced PAR.

Results demonstrated an

interaction between weed species and weed density for PAR
that is highly dependent upon severity of RFB.
Soybean maturity was accelerated by R. solani in 1993
but not in 1994.

Soybean maturity was delayed by hemp
92
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sesbania both years, and a step wise delay in soybean
maturity was observed in plots with increasing density of
hemp sesbania in 1993.

The delay in maturity may be due to

succulent hemp sesbania plants in the canopy resulting in
delayed drying of soybean plants.
Soybean yield in 1993 was reduced 20% in plots
inoculated with R. solani.

Yield was reduced further when

plots received combined treatments of R. solani with common
cocklebur and johnsongrass in 1993 and with hemp sesbania
and johnsongrass in 1994.

This suggests that weeds should

be controlled in fields with RFB to minimize yield loss.
Laboratory studies indicated that colony growth by R.
solani AG-1 IA and IB was reduced on media amended with
herbicides at several rates.

At the IX rate, the IA

isolate was most sensitive to alachlor, paraquat, and
glufosinate with reductions in colony radius at least 72%
by these herbicides.

The IX rates of pendimethalin,

acifluorfen, and glyphosate reduced colony radius 11 to
49%.

In contrast, alachlor and paraquat at the IX rate

reduced IB colony radius at least 70%, whereas
pendimethalin, acifluorfen, and glufosinate reduced colony
radius 36 to 61%.
Differences between IA and IB with regard to relative
growth reductions were detected on media amended with
pendimethalin, alachlor, acifluorfen, or glufosinate but
not with paraquat or glyphosate.

The IB isolate was
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generally more susceptible to all rates of herbicides than
was the IA isolate, although the reverse was true when
glufosinate was used.

This differential response may be

explained by differences in the genetic variation between
isolates from different intraspecific groups.
Differences in sclerotia production were evident in
response to herbicide treatments, but not in response to
herbicide rate.

Sclerotia production by IA and IB was

inhibited by paraquat and dramatically reduced by
glufosinate.

Sclerotia production by IA was reduced by

pendimethalin, alachlor, and glufosinate at 0.5X rate and
pendimethalin at 2X rate.

Sclerotia production by IB was

reduced only by glyphosate at IX and glufosinate at 2X.
Sclerotia production by IA and IB generally was affected
equally by the herbicides tested.

The exceptions to this

were that IB was more susceptible than IA to the 2X rate of
pendimethalin and the IX rate of glyphosate.
Under low disease pressure, RFB severity increased in
field plots treated with alachlor but decreased in plots
treated with pendimethalin, paraquat, or acifluorfen.
Under conditions of high disease pressure, however, RFB
severity was reduced only in plots in which paraquat was
applied.

These results indicate that differences

associated with RFB severity following application of
alachlor, pendimethalin, or acifluorfen under conditions of
low disease pressure were overcome when disease pressure
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was greater.

Results from these studies demonstrate that

paraquat applied POST directed to the base of soybean
plants can also reduce RFB severity under field situations
regardless of RFB severity.

Soybean yield was greater

following application of pendimethalin.

To our knowledge,

this represents the first report of this response of
soybean yield to pendimethalin.

Since these responses were

observed under either low or high disease pressure suggests
that this response is not related to effects on RFB.
Reductions by acifluorfen and paraquat on mycelial growth
of R. solani AG-1 IA and IB in culture and RFB severity in
the field indicate that a direct effect on these pathogens
may occur when herbicides are applied to diseased plants in
the field.

The ability of paraquat to reduce RFB disease

severity across studies indicates a strong antagonistic
effect of this herbicide on these pathogens.

Results from

these studies highlight the ability of herbicides used as a
control measure for weed pests to also adversely affect
pathogens causing RFB.
Greenhouse studies were conducted to evaluate weed
species as hosts for R. solani AG-1 IA and IB.

Weed

species included; barnyardgrass, broadleaf signalgrass,
itchgrass, johnsongrass, large crabgrass, purple nutsedge,
common cocklebur, entireleaf morningglory, hemp sesbania,
northern jointvetch, prickly sida, redweed, sicklepod, and
smooth pigweed.

Sclerotia and mycelia of IA and IB were
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recovered from all inoculated weed species.

Across weed

species, sclerotia and mycelia of IA were recovered from
80% and 75%, respectively, of the inoculated plants.
Microsclerotia and mycelia of IB were recovered less
frequently, i.e. from 59% and 55%, respectively, of the
inoculated plants.
Other studies evaluated potential for spread of R.
solani AG-1 from an infected weed to a noninfected soybean
plant.

Weed species evaluated in these studies included;

barnyardgrass, broadleaf signalgrass, entireleaf
morningglory, hemp sesbania, large crabgrass, prickly sida,
and purple nutsedge.

Rhizoctonia solani AG-1 was recovered

from soybean growing in contact with all inoculated weed
species.
Our studies identified 14 weed species that are hosts
for R. solani AG-1 IA and IB.

The ability of weed species

to serve as hosts for the fungi in the absence of soybean
may explain why epidemics can occur in fields where
soybeans have not previously been grown.

Heavy

infestations of weeds may impact RFB development by
increasing total plant density and reducing air movement
within the soybean canopy, as well as serving as bridge
hosts for the pathogens involved.

The role of weeds as

hosts for the pathogens involved in the RFB complex may
play an important role in disease epidemiology by providing
another means of spread through the canopy other than

soybean to soybean contact.

Results emphasize the

importance of weed control, not only for reducing plant
competition and increasing yield, but also for the
potential impact on development of RFB.
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Appendix A.
water agar.
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*The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and glyphosate corresponds to
0.84, 2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
bns = not significant, ** = significance at P < 0.01, *** = significance at P < 0.001, **** «= significance
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“Fisher's protected least significant difference (P < 0.05)
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Appendix B. Differential reduction in colony radius of Khizoctonia
solani AG-l IA and IB on herbicide-amended water agar.
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‘The IX rate for pendimethalin, alachlor, acifluorfen, paraquat, glufosinate, and
glyphosate corresponds to 0.84, 2.24, 0.42, 0.35, 0.28, and 0.84 kg ai/ha, respectively.
'’Value expressed as percent (%) of non-amended control.
cns *= not significant, * = significance at P < 0.05, ** «= significance at P < 0.01, *** **
significance at P < 0.001, **** = significance at P < 0.0001.
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